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THE so-called “Queen’s Chamber” in the Great Pyramid of 
Jizeeh has not hitherto received as much attention as has 
been bestowed upon the other portions of that most remarkable 
structure; and yet. as we shall presently show, it is of prime 
importance in deciding upon the truth or falsity of certain 
hypotheses which have been proposed as to the objects of 
causation of this wonderful building. For the present, without 
expressing any opinion ourselves, we shall present certain facts, 
leaving our readers to make their own inferences. We may, 
however, premise that the most commonly received hypothesis 
is, that the great pyramid, and all the other pyramids in Egypt, 
are gigantic tombs, built for the safe preservation of.an enclosed 
sarcophagus and the kingly body once placed therein. 

So far as all the other pyramids are concerned, we will con- 
sider this hypothesis admitted, but there are a few who believe 
that the great pyramid was built for the preservation of cer- 
tain grand metrological standards, and for the purpose of con- 
veying to man in these latter days some remarkable astronom- 
ical truths and high mathematical (geometrical) relations; and 
they call upon us to admit, either that this knowledge was given 
by inspiration, or that a high degree of civilization existed, 
and a knowledge of geometry, arithmetic and astronomy, not 
merely up to, but in some respects surpassing, that of the pre- 
sent day, was possessed by man, 4000 years ago. Hither horn 
of this dilemma is sharp exough; and it is, as bearing upon 
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the necessity of accepting one of them, that we present, as 
briefly as possible, the result of our investigations in the 
“ Queen’s Chamber.” For the benefit of those who may not at 
once recall the structure of the great pyramid, we refer to fig. 
2, plate II, which is a sectional view, in the plane of the 
meridian, looking eastward. 

1, is the entrance passage, inclined at an angle of about 26° 
27’; this passage, at a distance of some 800 feet, enters into the 
subterranean chamber 11, which is an unfinished room, 
situated about 106 feet vertically below the base of the pyra- 
mid, and it is cut in the limestone rock upon which the 

yramid is built. The entrance passage is rectangular, about 41 
inches in breadth and 47 inches in height, lined with polished 
limestone of a much finer quality than that constituting the 
mass of the pyramid; and the joints are exquisitely fine. 
About 30 feet within the passage, at 2, in fig. 2, there is on 
either side a thin, fine, exquisitely-ruled line, cut by a master 
hand, exactly vertical by severest tests. Whatever else these 
lines may symbolize, we find them to be so situated that, to an 
observer placed midway between them, in the axis of the 
me the walls at the entrance would be tangents to the 

iurnal path of a pole star (a Draconis), at a distance of 3° 42’ 
from the pole; within limits of the thickness of the casement. 
At 3, the ascending passage commences, at an inclination 
of 26° 18’ very nearly. Originally, this ascending passage was 
closed by a triangular stone, inserted in the roof of the descend- 
ing passage at 3, and effectually concealing it. This stone was 
accidentally dislodged, during the progress of the forced entrance 
made into the pyramid by the Khaliph Al Mamoon, some 
8000 years after the erection of the pyramid, and by its fall 
revealed the ascending passage, still closed, however, by a 
granite block about 8 feet long, which, apparently, had been 
caused to slide down the passage, previous to the insertion of 
the triangular stone; it still remains in place, and the ascent is 
now made by passing around it, in what is known as Al 
Mamoon’s hole. A careful examination of the floor directly 
under the ascending passage shows the insertion of a different, 
much harder stone, with joints diagonal to the passage, all the 
others being at right angles; perhaps intended to indicate to 
any one really searching for it, that just above was the place 
to look for the upper passage. 

Ascending for about 1284 feet, the grand gallery is entered 
at 4. This gallery has a length of 157 feet, nearly, and a height 
of 28 feet; the walls have seven overlappings, and a stone 
bench, or ramp, along either side; the distance between the 
ramps being 3 feet 6 inches, and above them 6 feet 10 inches. 
Originally the floor of the gallery was continuous, but a portion 
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removed near the commencement of the ascent shows the hori- 
zontal — into the Queen’s Chamber, 9. This neat room 


is lined with white limestone, exquisitely polished ; though 
now covered with dirt, and saline incrustations in some places 
nearly or quite one inch in thickness ; the joints of the stone are 
cemented, and of microscopic fineness, often within the thickness 
of a hair. Unlike the other chambers of thé pyramid, this has 
a gable-roof; and the floor is rough; the floor is 205 inches by 
227 inches, the height to the apex of the roof is 244-2 inches, 
and under the eaves 182 inches, nearly. A very nicely con- 
structed niche, about 15 feet high, and some 40 inches deep, is 
cut into the eastern wall ; it is eccentrically placed, its axis 
being 25 inches south of the central line of the east wall. The 
workmanship of this niche is very excellent. This is the room 
and niche to which we now invite attention, and hitherto there 
has been scarcely an attempt at an explanation ; none whatever 
upon the tombic hypothesis. 

Passing up the grand gallery, we enter the little ante-chamber 
6, a very curiously constructed room, partially lined with 
polished granite ; from this we enter the so-called ‘“ King’s 
Chamber,” 8, upon the floor of which stands the coffer, or 
sarcophagus, as some suppose, 7. This noble room, probably 
the finest ever built, is lined with polished grenite, in five 
courses all of the same height, 47 inches, except the lower 
course, which by a rise of 5 inches of the polished granite floor, 
inside the room, is only 42 inches in height; the object of this 
appears to be quite clear, but it is no part of our present pur- 
pose to discuss the features of this room. The chamber is 
approximately 84 feet 4inches long, 17 feet 2 inches in breadth, 
and 19 feet 2 inches in height. Nine beams of polished granite 
cross the room from north to south, forming the ceiling, (one of 
these stones would weigh about 60 tons.) The stone coffer is 
rectangular, of polished granite, but now shamefully broken 
and abused ; it is entirely plain, and indeed, no hieroglyphs are 
anywhere found in the great pyramid. For a discussion of the 
significance of the coffer, and the dimension of the King’s 
Chamber, we must refer to the works of Prof. Piazzi Smyth, 
John Taylor, Mr. St. Vincent Day, William Petrie and others. 
Above the King’s Chamber are five small chambers, entered 
by a forced passage; probably constructed to relieve the 
enormous pressure of the superincumbent mass above the ceil- 
ing of the King’s Chamber. In these “chambers of construc- 
tion” were found some rough quarry marks, (not incised,) ex- 
in the names of kings of the fourth dynasty, Shofo and 

u-Shofo. The date of erection of the great pyramid is as- 
tronomically determined by computing the time when a 
Draconis was the pole star, with a distance of 3° 42’ from the 
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pole; and it is especially as bearing on this question, that our 
own investigations in the Queen’s Chamber become valuable. 
Upon this supposition, the pyramid was built, in round num- 
bers, 2170 years B. C. The base of the pyramid is a square 
covering some thirteen acres, and the sides of this square are 
very exactly, two in the plane of the meridian, and two in that 
of the prime vertical. 

The standard of length, which appears to have been adopted 
in the pyramid, is 25,025 British inches, which happens to be 
the one-ten millionth of the polar radius of the earth, and, so 
far, a much more convenient unit than the French meter, which 
is the same proportional part of a particular quadrant. The 
height of the pyramid, as determined by the most careful dis- 
cussion of all the measures hitherto made, is given by Prof. 
Piazzi Smyth at 5813 pyramid inches, =5819 British inches; 
and the length of base as 9131°05 pyr. inches, = 9140 British 
inches, nearly. These measures we adopt. 

Supposing now the triangle X NS, fig. 2, to be so constructed 
that 2CX:4NS:: 1°:3°14159, &e., i.e, the circle struck with 
the height of the pyramid as radius, to have a perimeter equal 
to the perimeter of the square base of the pyramid, then, upon 
this supposition, the angles XNS, and XSN, can be computed, 
and they are found to be 51° 51’ 14” 3. And again, peculiar 
to a triangle with the proportions we have supposed, are three 
other angles, viz" 


26° 18’ 10” * Upper culmination of pole star. 
30 Latitude. 
83 41 50 Lower culmination. 


And also, derived from above, 41° 59’ 48” ‘7, angle of arris. 
With these angles demanded, we enter the Queen’s Chamber ; 
let us see what we shall find there. 

We remark that Prof. Piazzi Smyth had no conception of 
the amazing importance of the Queen’s Chamber when he made 
his measurements ; and, as he had no theory with regard to it, 
whatever we deduce from these measurements comes, so far, 
unbiassed ; at the same time, there are certain portions which 
we could have wished he had more carefully measured; but 
when he states that other portions have been measured with 
care, we feel bound to adhere very closely to his figures. 

Having an idea from the roughness of the floor, that at some 
time a lining might have existed, he searched for evidence of 
it along the vertical walls; he assures us that he “had to fol- 
low the walls upward from their very bottom, to the level of the 
first overlappings of the niche in the eastern wall, and to the 


* See “ Life and Work at the Great Pyramid,” by Prof. C. Piazzi Smyth, vol. 
iii, p. 41, et seq. 
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top of the northern doorway, before any horizontal cuttings 
were met with”; this is the height of the line K’L, fig. 1, and 
was measured by him as 66-7 Br. inches, or 66°634 py. inches 
nearly; does this mean anything? 

We turn to a table of natural tangents, andlo! ‘6668 natural 
tangent, 33° 41’ 50”. Farther up, Prof. Smyth measured the 
height of the line KS’, fig. 1, as 127 inches, mean of two meas- 
ures, one being 1272 inches; he says, however, that having no 
ladder to stand upon. the “ measurements of the upper portions 
are rude in the extreme;”* but from table of tangents we have 
12732 equal to natural tangent, 51° 51’ 14”.’ Taking, how- 
ever, 127° given as the actual measure, makes but a difference 
of some 4’ in the angle, a difference which, considering that the 
floor just under the niche, and also the back of the niche itself, 
up to this height, has been more or less broken, and removed, 
in the search for treasure, or hidden passage, is, we think, quite 
as near as could be expected. Passing now two stages higher 
of the niche, we find two measures of this, one 184°8 Br. in., the 
other 186°4 Br. in. We feel quite justified, then, in this differ- 
ence of 1°6 in., in adopting 185-218 Br. in., or 185-033 pyr. in., 
as the true height, especially as this particular number is again 
tested hereafter by an entirely different process, and proved 
correct. The line N’B, fig. 1, marks this height, and BK is 
equal to 57°713 pyr. in., but 57713 is the natural tangent of 
29° 59’ 24”. The true latitude of the pyramid is, according to 
the laborious measurements of Prof. Smyth, 29° 58’ 51”, and 
by M. Nouet, in the celebrated national French work, 29° 59’ 6”. 

The pyramid, then, is not in lat. 830° N. exactly; but the 
ancient builders, in their endeavor to make it so, have pushed 
it to the extreme N.E. boundary of the hill, and have used the 
chippings of the stones, an immense mass, to build out the hill 
on this side, and to strengthen it. We have now three of the 
angles required, with sufficient exactness, and the others follow 
from them; but we have, as yet, scarcely madea beginning. We 
consider now the geometrical construction of the room, assum- 
ing as data, for east wall, 


Height, " 185-088 pyr. in., as above. 
Breadth, 20500 “ 
Height of gable, 244:2 


205 in. and 244 Br. in., are given by Prof. Smyth as the most 
probable approximations.¢ Our numbers are evidently not quite 
exact, as the construction will show, yet they are very k oem 
We begin then with a rectangle, fig. 1, N‘’BDH; N’B, equal to 
205 in., and BD, 185-083 in. (all hereafter pyr. measure, i. e., 25 | 
py. in. =25°025 Br. in.); bisect N’B in O, and HD in A, join 


* “Life and Work, &.,’ vol. ii, p. 66. + Ibid. 
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AO and prolong it to E, making AE equal to 2442 in. Join 
EB and EN’; the angles EBO and EN’O are each equal to 
30° [1].* 

Ton ED ; it will cut N’B in C, and OC will equal 25 inches, 
Join HO; produce it to meet EB in F, and from F drop a per- 

endicular upon OB; it will meet OB inC; prolong FC, to meet 

D in B’ it is the axis of the niche. Our equations [11] and [111] 
give results which differ not quite ‘2 in. from 25 inches, but, as 
this number has been adopted by Prof. Smyth, and as a very 
slight variation in our assumed elements would give it exactly, 
we assume OC=25: in. Set off DL equal to 66°68 in., and DK 
equal to 127°32 inches, as indicated above; draw K’'L and S’K 
parallel to each other and to HD. Join EL; the triangle EBL 
is isoceles ; the angles at the base are each 30° ; the same is true 
of the triangle EN’K’ [iv]. The triangle EK’L is equilateral ; 
the angles at E, K’, and L being each 60°, ... EK’ = K’L = EL 
= 205 in. 

Join N’L and BK’ ; they bisect each other in the point M, in 
the line EA; and the angles MN’O, MBO, MK’N, and MLN, 
are each equal to 30° [v]; .. K’B,= LN’,= 2BL,= 2N’K’, and 
BL,= MB,= BE,= EM,= EN’= N’M,= N’K’,=K’M. With 
M asacenter, and radius = ME, describe the are N’EB; N’M 


will represent the polar axis, and E the zenith, at the latitude 
of the pyramid. Draw S”MX’ parallel to S’K ; it will represent 
the horizon. Through the intersection S, of HL. and N’B, draw 
MSF’; it will bisect EB in F’, and since the angle F’MX’ is equal 
to 60°, MF’ will represent the oo at the latitude of the 


pyramid; also MF’ will equal OB [v1]. 

From the point F’, drop the perpendicular F’H” upon HD; 
it will bisect OB in C”, and pass through the point P, where 
MB and EL bisect each other [vit]. K’B cuts S’K, in I and 
IK = 100 inches [vitt], (and 1 is one inch from the corner of 
the niche, x.) Join ID, and prolong it to meet AE in y ; join 
yH; then will HyD represent a meridional section of the 
great pyramid, and the angles yHD and yDH will each be 
equal to 51° 51’ 14” [rx]. 

Join Ly, and prolong it to meet HN’ produced, in y’; join 
y'M; the angle y’MS” will equal 33° 42’ nearly [x], upper 
culmination of a pole star, which at this distance from the pole 
in 2170 B.C. was found by Sir John Herschel to have been @ 
Draconis. 

Through J, intersection of K’L, and axis of niche, draw DJ, 
meeting HN’ in 6; join 6M; the angle SMS” will equal 26° 18’ 
nearly [x1], direction of lower culmination of a Draconis. 

Set off CO’, equal to 12°5 inches join K’O’, intersecting EA 
in V. Join HV, and DV; the angles HVA; and AVD will 
each be equal to 33° 42’ nearly [x1r]. 


* “The numbers in brackets refer to the equations at the end of this article. 
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Produce HV, it will meet H’’C” produced in C, in the are 
EC’B [x11] ; join MC’; the angle C’MF’ will represent 4° 20’ 
north declination [xIv]. 

But the declination north, of 7 Tauri, the lucida of the Plei- 
ades is computed by the well-known astronomer Brunnéw, to 
have been, in the year 2170 B.C., 4° 18’ 46”. 

His computation shows further, that its right ascension at 
this time was 0° 57’ 26”, or that it was nearly in the equinoc- 
tial point ; and moreover, that at this time, when 7 Tauri and 
the equinoctial point were on the meridian above, at C’ and E’, 
a Draconis was within 20™ of culmination at 6, below the pole; 
and hence the reason why the entrance passage was made to 
point to the lower rather than the upper culmination, the date 
of the pyramid erection being commencement of the grand 
Pleiades year. 

We will now proceed to construct the niche, having already 
the axis and the point 0’. We assume also that the line CH” 
marks out one side of the niche, though upon calculation it 
differs from it ‘12 inches, with our assumed data for height and 
breadth of the east wall. We set off A’H’, equal to 614 inches, 
as we find upon trial that 61°3, measured by Piazzi Smyth, is 
somewhat too small, yet this number, with slight change of 
breadth of the room, would do as well. The line S’D will cut 
the corner of the niche very nearly in N” [xv]. 

Join N’K;; it will cut C’H” in D’, corner of the niche ; by the 
computation D’G = 31°86 inches [xvi], but as the line C’’D” 
does not quite agree with the side of the niche (with our present 
data), we take 31:84 inches as the true height. From G, draw 
GX parallel to yG’; it will meet KS’ in X, a corner of the niche. 

If the point G was in the line C’H”, we would have 52°5 in. 
for the breadth of this part of the niche; this would be perhaps 
too great a strain on Piazzi Smyth’s measure, 52:3 Br. inches. 
If, however, we suppose the corner of the niche, G, to be ‘1 in. 
nearer the axis, this would give his measure exactly ; thus, for 
the half breadth ; CB—(C”B+°1) or 775 in. —51°35 in. =26°15 
inches. Wenextcompute XX”, remembering, however, that the 
line GX” is ‘1 inch toward the axis; it is found to be 47°68 
oe ; adding to this ‘1 inch and also 51°25 in., the value of 

, is found to be 98°98 in., or practically 99 inches... IX = 
one inch. The corner of the niche X is therefore 3% inches 
from the middle of the room, which gives us 21% inches for 
the half breadth of the niche at this place. 

The height of the fourth compartment is determined by the 
line T, T’, drawn parallel to N’ B, through the point P, and is 
found to be 28°18 inches, and at the same time the height of 
the upper compartment is determined to be 29°58 inches (XVIII). 
The breadth of the fourth compartment, 32-2 inches, is deter- 
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mined by joining the points O and H’.. The line OH’ cuts TT” 
in W’, acorner of the niche, bisecting the angle at W’ (xrx). 
The breadth of the top compartment is already determined as 
25 pyramid inches, or the “sacred cubit.” 
We now place these determinations alongside the measure- 
ments of Prof. Piazzi Smyth for comparison. 
HEIGHTS. BREADTHS. 


H. L. 8. 
Pyr. in. 


ist Compartment, 66°68 
2d 6 31°84 
3d ‘ 28°8 

4th 28°13 
5th 29°58 


The agreement is quite within the errors of measurement; 
but as these computed values depend on the assumed values of 
height and breadth of the east wall, they are subject to slight 
correction when these are better known. With these computed 
values we will determine the angles made by drawing the 
diagonals of the niche, O”R, W’W, IG’, and ZH’, and we ob- 
tain 

The angle at O” (xx), 26° 21' upper culmination. 
The angle at W’ (xx1), 33° 30’ lower culmination. 
The angle at X (XXII), 38° 8’ 46” exactly, 


being the half angle at the summit of the pyramid, and giving, 
for the angle at the base, 51° 51’ 14”. And lastly, the angle at 
Z (xxit1), 30°, latitude of the pyramid. 

The discovery of these angles, which are also substantially 
given by using Prof. Smyth’s numbers, was first made by me, 
and announced to Prof. Smyth before any one had suspected 
this design of the niche. It is most fortunate that the meas- 
ures of Prof. Smyth, recorded in vol. ii of his “Life and Work 
at the Great Pyramid,” were all made, so far as the Queen’s 
Chamber is concerned, independent of any theory. 

We have not by any means finished with this peculiar 
chamber. If we suppose now a diagonal drawn from E 
(toward the spectator), and touching the west wall at the height 
of the line LK’, we obtain once more the angle 51° 51’ very 
nearly (XXIV), and we may also notice, that the length of the 
room is a mean proportional between the height of the niche 
and the breadth of the room. The ratio of height to breadth 
of the east wall is nearly 9:10, and the diagonal HB gives 
therefore HBD, the arris angle, 42° nearly ... BHD=48° [xxv]. 

We have alluded to the z theory of the great pyramid; let 
us see what the Queen’s Chamber gives us here, observing 


* Estimated—not measured by Prof. Smyth, but determined by considering the 
offsets all equal, i. e., 4°5 inches. 


Br. in. Br. Pyr. in. | 
61°3 61°4 
52.3 52°3 
43°3* 43° 
34°3* 32°2 
25°3* 25° 
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simply that divisions of 5* and 10s characterize the pyramid 


ratios— 
185-038 x 10 X z= 5812-978 pyr. inches. 


But 5813 in. is the most recent and accurate determination of 
the height of the great pyramid adopted by Prof. Smyth after 
diligent ——— ; it is equal to 5819 Br. inches nearly. 

At a height of about 40 inches above the floor, in the first 
compartment of the niche, is a bank or shelf L’L”, and while 
the main portion of the niche is 40 in. deep, this is about 100 
in. in depth; the line 6JD gives its height approximately ; it 
was not measured carefully by Prof. Smyth. 

Taking the height at 39°71 inches, we have,-for the height 
of the niche above this shelf, 145°32 inches. 


Now 145°32 x 10 x w= 45655, 


but this is half the base length of the pyramid, according to the 
most accurate determinations, viz: 9181 pyr. in. or 9140 Br. in. 
We have then, in these two portions of the niche, 


185-08 : 145°3: : height of pyramid : half base of do. 


If now we extend the line L’L” to meet yH and yD, and take 
this for the base of the pyramid, the line K’L will represent 
the level of the King’s Chenhes, given by Prof. Smyth as 
1688 inches above the base; and by computation 1691-6 inches 
above the base, on the hypothesis that the area of a section of 
the pyramid at this height is half the area of the base as first 
announced by us, the vertex of the pyramid being represented 
by vy. The computed quantity for the height of the base of 
the pyramid above the Nile level, is 1769 in., giving us the 
rough floor as representing the level of the Nile at the date of 
erection; this height was estimated by Mr. Perring at 1767 in. 

It may be noted further tiiat yA. = 180% inches, and 1305 
x 10 xX 7 = 9185, which is the leagth nearly for one side of 
base of the pyramid. 

It is much to be regretted that absolutely correct measure- 
ments are not at hand to test how closely the ancient builders 
could work to what seems to have been the design, at least in 
part. Upon the whole, the results show that they were more 
accurate, and capable of doing better work, than many modern 
scientific men. Let us see then what modern men have done, 
measuring the same things, and it is lamentable to notice discre- 
pancies like these for the Queen’s Chamber. 


C. Piazzi Smyth. H.Vyse. Lane. M. Jomard. 
Br. in. Br. in. Br. in, Br. in, 
Length, 226°7 225 228 228.13 
Breadth, 205°8 204 204 205°72 
Height to roof, 182°4 177 162 162°01 
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C. Piazzi Smyth. H.Vyse. E.Lane. M. Jomard. 
Br. in. Br. in. Br. in. Br. in. 
Height to angle of roof, 244°4 243 246 258°41 
of niche, 185°8 183 
Width of lower part, 61 
Distance of axis from 
center of wall, 


In view of these discrepancies, shall we demand superhuman 
accuracy on the part of the pyramid builders? 
Notwithstanding the remarkable proportions, and evident 

geometrical relations, from a rectangle of the height of the 
niche, yet, in’ practice, the builders appear to have made the 
walls of the north and south sides of the chamber almost 25 
inches lower than the niche. Was this careless workmanship, 
or was it designed? Let us see. We adopt 182°62 in. as the 
true height of the north and south walls, which is very near 
Prof. Smyth’s mean— 

182°62 in. x 100+3 14159 =5813 in.= height of the pyramid, 
and calling the 182°62 so many cubits—. 

182°62 in. xX 25=4565'5 in.= half base length of the pyramid : 


182°62 10 _ 9 .969587798+= 23. 


and again, 785 033 


Moreover, 182°62 x 2 = 365'24 = days ina year. If we take 
now 5813 in. and 9131 in., representing height and base of the 
pyramid, we get the following proportions : 
Arc equal to radius = 3488’ : 9181’: : 10°: 26° 34’. 
= 8488’ 5813’x2: : 10°: 88° 48’. 


The following are the results of tae very accurate measure- 
ments of Prof. Smyth for the internal dimensions of the coffer: 


Mean length, 77°93 inches. 
“breadth, 2673 “ 
“depth, 84:34 “ 
The last number is, almost, the right sine of 90°, or 3487-75, or 
the arc equal to radius. If now we multiply 3437-75 by the 
natural sine of 51° 51’ 14” i. e., ‘7864, we get 27°08 for breadth 
of coffer, which is quite within some of the individual meas- 
ures. We cannot expect any similar result for the length, if 
the cubical dimensions were designed to be a given quantity. 
Finally, we have, breadth of coffer : depth of do. :: height of 
pyr. : half base of do. 
5813 : 4565 : : 84:34: 26:9. 
We have thus the 7 ratio in the coffer, and exactly, if we might 
substitute for Prof. Smyth’s numbers 34°3775 and 27. 
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27x 4 

Thus, "843775 

Are these all coincidences? And was the niche built as a 
mere freak of ignorant, and debased idolaters ? 


= 3°14159. 


Since the preceding was written, Prof. Smyth calls our atten- 
tion to the pavement of the ante-chamber, which is not of one 
material, but partly limestone, partly granite, with accurate 
joints. He has not yet stated his own results to us, but doubt- 
less he has already the following, and probably more. 

The pavement is a rectangle, and wy sea is situated ex- 
actly north and south; AD being the length of the northern, 
shorter, and limestone portion; DB that of the suuthern, lon- 
ger, and granite portion; AA’ the breadth, and AB the whole 
length; we find 

DB 

AD=™ - . AA’XDB=2AD?. 

Measured by 

Theory. C. Piazzi Smith. Diff. 
AA’=(1+7) X10 = 41°4159 in. 41°45 in. — 034 in. 
AD =(7+7?) X5= 65°0559 “ 64:5 “ 
DB =(2? 473) X5=204'379 “ “ —62 

AD and DB were determined by Prof. Smyth by measure- 


ing from the edge of the great step (now much worn) to tbe 
successive joints of the pavement, and cannot be as correct as 
the measurement of AA’, which is the distance between the 
polished granite walls, comparatively in good condition. 


Equations. 


L OB: R:: EO: tan. EBO. 102°5:1::59°17 °57727; nat. tang. 
30° nearly. 

Il. AE: AD::EO:OC, 244-2: 102°5:: 59°17: 24°83; diff. 

Ii. BO: OE:: BC:CF. AO: HA=BO:: CF: CO. ... AO: EO:: 
BC: CO, 185°033 : 5917: : 77°5 : 24°8. 

IV. Sin. 30°: EO:: R: BE, 59°17 :: 1: 118°34=> BE= BL; 
angle EBL=90°+30°=120°. ... BEL=30°=BLE. 

V. K’L: BL::R: tan. BK’L. 205:118°353::1: 5773; nat. tang. 
30°. 

VI. MO=EO, OS is common, and ang. O=90° ... ES=MS and 
ESM=120°, OSM=60°=SM’X’. EOB and are similar, 
and EB=BM; .. FM=BO and EO=BF"’. 

VIL R:F’M:: sin. 30°: MX’, 1: 102°5 :: 5:51:°25=} N’B=} BO. 
BM and EL bisect each other in P. In the triangle EBM, 
F’H, parallel to the base, bisects BE; .-. it will bisect BM, 
i. e., will pass through P. 

VIIL LB: K’L:: BK: IK, 118°353: 205::57°713: 99°98; diff. 02. 

IX, IK=100=Rad. DK=127°32=1A, IK:R::IA: tang. IDA, 
100: 1:;: 12732: 1'2732; nat. tang. 51° 51’ 14”. 
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X. In the triangle yAD, R: AD:: tang. yDA: yA, 1:102°5:; 
1:2782:130°%5. yN = yA—DL=130°5 KD, 
yN=127°64, S’K’=MN=(MA+ AN)=(AE—EM— 
AN) = (244-2 — 118'358 —66°68) = 59167 y’K'—8'K’ 
= 7S" = 127°64 — 59°167 = 68°473. MS”: R:: y’S": tan, 
y'MS", 102°5: 1:: 68°47: 66°8; nat. tang. 33° 45’; diff. 3’. 

. AM=AE—EM=125'85, B/D: B’J :: DH: Ho, 5: 66°68:: 
205:176°3. S’6=Hd—S"H (=AM)= 176-3 —125°85 = 50°45, 
S’M: R::S8”’6: tang. OMS”, 1025: R:: 50°45: 492+; nat. 
tang. 26° 13’; diff, 5” 

XI. K/VN" and Voo! are and divides ON in the ratio 
KN”: 00’; ON = AO—AN=185'03 — 66°68=118°35. OO'= 
37°5. K'N”=102°5. 140: 102°5:: 118°35: 866=NV. AV=NV 
+AN=153'28(=2 HD). AV: R:: AH: tang. HVA. 153-28: 
1:: 102°5: nat. tang. 33° 45’. 

XIII. Join HC’. The are C’B=34° 20! (xtv) .. Chord C’'B= 
2R. Sin, 34° 2 = 69°86, C'O"= Jon BO"?= 47 
CH" =232'43, R:: HH": tang. HC’H”. 232°43:1: 
153°75 : ‘661 nearly; tang. 33° 28’, This so nearly equals the 
angle HVA, that we consider HVC’ a a line. 

XIV. MC’: R:: MX”: cos. CMX”, 118°35:1:: 51°25 : °433; 
nat. cos. 64° 20’, 64° 20’—60°=4° 20. 

XV. S“H = EA — EM = 125°85, DH: HS”:: A/D: A'N”, 205 
125°85 :: 1082: 66°42; diff. -26. 

XVI. N’L: KL::N"G: GD’, 108°2: 60°64: : 56°85 : 31.86; diff. 

XVIL Tan. GXX":GX"::R: XX", 12732 : 60°64:: 1: 47°63; but, 
as the line GX” is 12 in. nearer center of room than C’H", 
= 51°37: adding XX” gives XK = 99 in. .. IX = one 
inch, and from center of room to X=3°5 in. OC—3°5=215= 
half breadth. 

XVIIL IK: KB:: PT: TB, 100:57°713 :: 51°25: 29°58=BT; KB— 
BT=KT=28: 13. 

XIX. AO: AH’:: OV’: V’W’, 185°03 : 55°7:: 29°58: 8°9. OC— 
VW'=W'U, 25—8'9=16'1=half breadth. H/’O bisects angle 
at W’, nearly; this angle as shown in (xxi) is 33° 30’. AO: 
R:: AH’: tang. AOH’, 18503: 1:: 55.7: °301; nat. tang. 
16° 

XX. Dropping a perpendicular from O” upon SK, we have a right- 
angled triangle, of which the vertical side=57- 713, the hori- 
zontal—=28°6, = 2-018; nat. tang. 63° 39=angle at 
base .*. ang. at O”’=26° 21=lower culmination nearly. 


XXI. In like manner = = 1'51=nat. tang. 56° 30’=ang. at 
W .*. ang. at W'=33° 30=upper culmination. 

XXiIi. tang. 51° 51/ 14”"=ang. at G, ang. 
at X=} summit ang.=38° 8! 46”. 
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8°52 
XXII. = = nat. tang. 60=ang. at H’.-. ang. at Z=— 
30°=latitude. 
XXIV. 17752: 1:: 226°4:1°275; nat. tang. 51° 55’. 185-03: 
205 :: 205: 227°1; diff. °7. 
XXV. 185°03 : 205::1:1°1078; nat. tang. 47° 55’; diff. 5’. 


Art. XXXVL—On the Silt Analysis of Soils and Clays ; by 
Euc. W. HILGArD, State Geologist of Mississippi. 


[Continued from page 296.] 


Properties of Pure Clay.—The “clay” so obtained is quite a 
different substance from what usually comes under our ob- 
servation as such; since its percentage seems rarely to reach 75 
in the purest natural clays, 40 to 47 in the heaviest of clay 
soils, and 10 to 20 in ordinary loams. Thin crusts of it are 
occasionally found in river bottoms, where clay water has, 
after an overflow, gradually evaporated in undisturbed pools. 
When freshly precipitated by salt it is gelatinous, resembling 
a mixed precipitate of ferric oxide and alumina. On drying, it 
contracts almost as extravagantly as the latter, crimping up 
the filter, to which it tenaciously clings, and from which it can 
be separated only by moistening on the outside, when it may 
mostly, with care, be peeled off. 

After drying, it constitutes a hard, often horny mass, diffi- 
cult to break, and at times somewhat resonant. Since the 
ferric oxide with which the soil or clay may have been colored 
is mainly accumulated in this portion, it usually possesses a 
correspondingly dark brown or chocolate tint. When a large 
amount of iron is present, water acts rather slowly on the dried 
mass, which gradually swells, like glue, the fragments retain- 
ing their shape. Not so when tle substance is compara- 
tively free from iron. It then swells up instantly on contact 
with water; even the horny scales adhering to the upper por- 
tion of the filter quickly lose their shape, bulge like a piece of 
lime in process of slaking, and tumble down into the middle of 
the filter. 

There is a marked difference, however, in the behavior with 
water of clays equally free from ferric oxide; some exhibiting 
the phenomena just described in a much more energetic manner 
than others. On the whole, those freest from iron appear to 
imbibe the water, and crumble, most readily. Inasmuch as this 
property possesses highly important bearings, both on the agri- 
cultural and ceramic qualities of clays, I propose to investigate 
it more minutely hereafter. 
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The pure clay, when dry, adheres to the tongue so tenaciously 
as to render its separation painful. When moistened and 
worked into the plastic condition, it is exceedingly tenacious 
and “ sticky,” adhering to everything it touches. 

Under a magnifying power of 850 diameters, no definite 

articles can be discovered in the vpalescent clay water remain- 
ing after several weeks’ subsidence. The precipitate formed 
by saline solutions then appears as an indefinite cloud (mostly 
of a yellowish tint), for which one vainly seeks a better focus. 
In stronger clay water one can discern a great number of in- 
definite, punctiform bodies, very uniformly diffused through- 
out the liquid, and apparently opaque; the precipitate then 
formed by brine also shows a faintly dotted structure of its 
clouds. 

Doubtless the fine silt obtained in the 24 hours’ subsidence, 
the diameter of whose quartz particles varies from 0°001 to 0°02 
of a millimeter, is not entirely free from adherent clay, as is 
indicated by its deeper tint, compared with that of the coarser 
sediments. The extent to which this contamination exists, the 
possible means of further separation, and the distribution 
of the important soil ingredients among the several sediments, 
I reserve for future discussion. 

Separation of the Coarser Sediments.—The mixed sediments 
remaining after the separation of the clay, and silts of less than 
0-25" hydraulic value (< 0°25), by decantation, are transferred 
to the elutriator, after separating by means of a sieve, such as, 
being of more than 0°8™™ diameter, would fail to pass through 
the wire screen, and thus interfere with the operation. The 
water should previously have been let on, so far as to stand 
above the screen; otherwise some sediment may be forced 
back into the rubber connecting tube. 

The Fine S-diments.—T he operation is best begun by running 
up the column rapidly nearly to the cork, allowing a few 
seconds’ subsidence, and then setting the index to the proper 
velocity of 0°25™ per second at the beginning. At first the 
sediment passes off rapidly and the column remains obviously 
and evenly turbid, from the point where the agitation caused 
by the churner ceases, to the ton. But this obvious turbidity 
generally exhausts itself in the course of a few hours, and it 
then requires some attention to determine the progress of the 
operation. I have never known the 0:25™™ sediment to become 
exhausted in less than 15 hours, and in one case it has re- 
90. The more rigorously the of preliminary 

isintegration, above described, has been carried out, the 
shorter the time required for running off the fine sediments, 
which otherwise tax the operator’s patience severely. In 
matter of fact, they never do give out entirely; doubtless 
for the reason that the stirrer contiuues to disintegrate 
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compound articles which had resisted the boiling process. 
Besides, downward currents on the sides of the vessel will 
form, despite all precautions; so that the interior surface of 
the liek becomes coated with pendant flakes of coalesced 
sediment. These must from time to time be removed by 
means of a feather, so as to again bring them under the influ- 
ence of the stirrer; but it is, of course, almost mathematically 
impossible that under these circumstances, any of the sediments 
subject to coalescence should ever become completely ex- 
hausted. Practically, the degree of accuracy attainable at best, 
renders it unnecessary to continue the operation beyond the 
point when only a fraction of a milligram of sediment comes 
over with each liter of water. It is admissible, and even desir- 
able, to run off rapidly the upper 3 of the column at inter- 
vals of 15 to 20 minutes; whereby not only time is gained, but 
also the sediment in the reservoir is stirred and brought under 
the influence of the churner, for more complete disintegration. 

It is noticeable that recent sediments—river alluvium, ete.— 
are much more easily worked than more ancient ones; as might 
be expected. 

Up to 4™™ hydraulic value, the use of the rotary stirrer is 
indispensable, on account of the tendency to the formation 
of compound particles. Beyond, this tendency measurably dis- 
appears, so that for the ; 

Coarse Sediments of 8 to 64™™", hydraulic stirring may be em- 
ployed, and an elutriating tube of smaller diameter may advan- 
tageously be substituted, in order to diminish the otherwise 
somewhat extravagant expenditure of water. The entire 
amount required for one analysis is from 25 to 80 gallons; pro- 
vided a thorough previous disintegration. has been secured. 
The average times required are as follows: 

Sediment 0°25"™ 30 to 40" 
15 to 25" 

5 to 10" 

2 to 64™™ 6 to 10" 

56 to 85" 


With proper arrangements, much of this can be done auto- 
matically, at night; completing an analysis (except the clay and 
finest silt determinations) in the course of three or four days. 

As the soils are most conveniently weighed “dried at 100°,”* 
I have always weighed the sediments in the same condition. 
Great care is necessary to obtain the correct weight of the (ex- 
tremely hygroscopic) clay; the same is true, more or less, of 
the <0°25 sediment, which, moreover, is so diffusible in water 
that it cannot readily be collected on a filter. I find it best, 
after letting it subside into as small a compass as possible, to 


* A somewhat clayey soil will continue to lose weight at 100°, for 5-6 days. But 
after the first 6 hours the loss becomes insignificant for the purpose in question. 
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evaporate the last 25-50 c.c.m. in the platinum dish in which it 
is to be weighed. 

From the other sediments, the water may be decanted so 
closely as to render their determination easy. 

The loss in the analysis of clays and subsoils containing but 
little organic or other soluble matter, is usually from 1% to 2:0 
per cent, resulting partially, no doubt, from the loss of the fine 
silt which comes off more or less throughout the process, and 
is decanted with the voluminous liquid. When the turbidity is 
marked, it indicates imperfect preliminary disintegration ; it may 
be removed, and the silt collected, by adding a weighed quantity 
of alum (about 25 milligrams per liter is sufficient), precipitating 
with carbonate of ammonia, and deducting from the weight of 
the (flocculent) precipitate the calculated amount of alumina. 

The analysis of soils rich in vegetable matter involves some 
modifications in the preliminary treatment and final weighiugs. 
which I shall not now discuss. Ignition of the soil previous 
to elutriation, as proposed by some, is obviously inadmissible, 
as it would render impossible the separation of the clay from 
the finer sediments. 

As I have heretofore stated,t I consider that, ordinarily, the 
investigation of the swbsoz/s is better calculated to furnish re- 
liable indications of the agricultural peculiarities of extended 
regions, than that of the surface soils, which are much more 
liable to local “ freaks and accidents,” and usually differ from 
the corresponding subsoils in about the same general points. 
For practical purposes, therefore, the difficulties incident to the 
treatment of soils rich in humus, may in most cases be avoided. 

Character of the Sediments.—As regards the size of the parti- 
cles constituting the successive sediments, the most convenient, 
because almost universally present, material for reference is 
quartz sand. I give below a table of measurements, concern- 
ing which I remark that the values given refer to the largest 
and most nearly round quartz grains to be found in each sedi- 
ment, and tu scale divisions of ;4, millimeter each. 

As a matter of course, all sizes between that given and the 
one next below are to be found in each sediment. A few 
grains of the finer sediments are also invariably present, owing 
both to the progressive disintegration of conglomerated parti- 
cles oy the stirrer, and to the inevitable formation of the 
avalanche-like aggregates of the finer sediments. 

While the measurement of the quartz grains, which are 
rarely wanting in a soil or clay, affords sufficient landmarks to 
the scientific observer, it seems desirable to attach to them, 
besides, generally intelligible designations, which shall approx- 
imately, at least, indicate the nature of the sediment. This I 
have attempted in the table, which is in this respect, of course, 


+ This Journal, Dec., 1872; Proc. Am. Assoc. Adv. Sci., 1872, p. 71. 
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open to criticism; since it is not easy to indicate in popular 
language, distinctions not popularly made. 


Table of Diameters and Hydraulic Values of Sediments. 


Designation of Diameter of Velocity pr. sec., or 
No. materials. Quartz grains. Hydraulic value. 


Coarse Grits, 1—3 ™ 

Coarse Sand, 80—90 (+35) “ 
Medium “ 

Fine 

Finest “ 

Dust 

Coarsest Silt, 

Coarse “ 

Medium “ 0°5 
Finest <(0°25 
Clay <0°0023 

I remark that the absolute diameter of the elutriator tube 
exerts a sensible influence on the character of the sediments, 
in consequence of the comparatively greater friction’ against 
the sides in a tube of small diameter. Strictly speaking, none 
of the sediments actually correspond to the velocity calculated 
from the cross section of the tube and the water delivered in a 
given time, but to higher ones, whose maximum is in the axis 
of the tube, and which gradually decrease toward the sides, 
according to a law which may be demonstrated to the eye by 
slightly diminishing the velocity while a sediment is being 
copiously discharged, so that the turbid column remains 
stationary, while clear water is running off. -The surface then 
assumes a paraboloid form, which is sensibly more convex in a 
tube of small diameter than in a wide one; the results obtained 
in the latter being, of course, nearest the truth. 

Still, the accompanying samples of sediments from Missis- 
sippi soils and subsoils show at once, even to the naked eye, 
that the assorting process has been quite successful, and that 
the prominent characteristics of soils in these respects may thus 
be determined and exhibited to the eye, with a very satisfac- 
tory degree of accuracy. 

I reserve for future communications the detailed discussion 
of the services which this method of analysis is capable of ren- 
dering to the theory and practice of both agriculture and the 
ceramic art. But I feel confident that the comparativeneglec t 
of the subject of soil analysis during the past decennium, was 
the result of hasty judgment, and that, by properly combining 
the examination of the physical and chemical properties of soils 
and clays, we shall be able to fulfill, in a great measure, the 

Am. Jour, Sc1.—THIRD Vou. VI, No. 35.—Nov., 1878. 
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high expectations entertained in the early days of agricultural 
chemistry. 

The important bearing of the phenomena of “ molecular coa- 
lescence” upon the formation of natural sediments, is too obvi- 
ous to require discussion. It explains at once why we so 
rarely find a deposit composed of particles of uniform hydran- 
lic value, however favorable to such a result may have been, 
apparently, the circumstances attending its formation. And it 
warns us to be careful in our estimate of the nature and velocity 
of depositing currents, as deduced from the character of the 
sediments. 

In previous papers on the Quaternary formations of the 
lower Mississippi Valley, I have called attention to the some- 
what singular composition of the material characterizing the 
Bluff or Loess group, which fails to show any marks of assort- 
ing or stratification of materials, even in profiles of 70 feet; al- 
though it consists of all grades of silt and sand from ;;55™™ 
upward. The uniform intermingling of these ingredients ceases 
to be surprising, when we consider that, under the influence of 
the slow eddying motion of shallow and uniformily slow-flow- 
ing water, the finest particles may assume the hydraulic value 
of very coarse ones, and be deposited with them. We thus, a 
posteriori, arrive at the same conclusion concerning the circum- 
stances under which this deposit was formed, as had been pre- 
viously deduced from geological data alone. 

As might be expected, the temperature of water exerts a 
strong influence on the coalescence of particles. It is sensibly 
less in hot water, so long as the water is either strongly agitated, 
or perfectly quiescent. But the circulating motion set up in 
hot water exposed to cooling influences very soon effects coa- 
lescence, and consequent clearing of a turbid fluid. The 
habitual stirring-up of precipitates by chemists, to favor subsi- 
dence, need but be mentioned in this connection; as also the 
fact that troublesome powdery precipitates, such as oxalate of 
lime or molybdo-phosphate of ammonia, become flocculent when 
allowed to deposit on a sloping surface. 

The presence of dissolved mineral matter greatly favors the 
coalescence of particles, and especially the precipitation of clay. 
Foremost among the active substances are lime and common 
salt; the action of the latter being exemplified on the large 
scale, at the mouths of rivers, where the fine mud, whose mo- 
lecular properties with pure water would have kept it in sus- 
pension for many days, is suddenly thrown down in the shape 
of mud shoals, in consequence of the admixture of sea water.* 

* This action of salt in clearing water has lately, it seems, been claimed as a 
new discovery by Mr. D. Robertson, in a communication to the British Geolog. 
Society. But the clearing of muddy water by salt, as well as by alum, has been a 


popular recipe for ages; and the action at the mouths of rivers is pointedly re- 
ferred to by Mr. Sidell, in Rep. Phys. and Hydr. of Miss. River, App. A, p. xi. 
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The “settling” effect of alum, however, appears to be mainly 
due to the precipitation of alumina by the carbonates of lime 
and magnesia, present in almost all sediments. 

The remarkable action of lime, in preventing diffusion and 
diminishing the plasticity of clay, will form the subject of a 
future communication. 


Norse.—The subjoined comparative analyses of one and the 
same material, after boiling 6" and 30", respectively, exhibit the 
effect of thorough preliminary preparation, and the gross errors 
which may result from its neglect. It will be seen that while 
agreeing as closely as could be expeeted as regards the coarse 
materials, the diffrrences in the percentages of the fine ones are so 
great as to render the first one absolutely ago and calculated 
to lead to an utterly false estimate of the soil’s qualities. 

No. 173. Under-subsoil of Cretaceous prairie, Monroe Co., Miss. (See Miss. 

Rep. 1860, p. 262). 
Time of boiling. 


> 64™™ h. v. (bog ore) 
8-64“ (siliceous sand) 
“ 


Art. XXXVII.—On Rocks of the Helderberg era, in the valley 
of the Connecticut—the kinds including Staurolitic slate, Horn- 
blendic rocks, Gneiss, Mica schist, etc., besides Fossiliferous Lime- 
stone; by JAMES D. Dana. 


IN my memoir on the rocks of Berkshire, I have shown, on 
stratigraphical grounds, that the metamorphic rocks, gneiss, 
mica schist, mica slate, chloritic mica slate, chlorite slate and 
others occur, underlying and overlying quartzite, in one of the 
later Lower Silurian formations; and also that staurolite crys- 
tals abound in a mica schist of the same age. 

In the following pages, it is further demonstrated that not 
only the same kinds of metamorphic rocks, but even horn- 
blende rock and schist and syenitic gneiss are extensively devel- 
oped in a formation of Helderberg age, and probably the Upper 

elderberg or Lower Devonian. Moreover, crystals of stauro- 
lite are here also abundant; so that this mineral species, which 
some American geologists have thought as good as a fossil 
for distinguishing pre-Silurian rocks of a specific age, has the 
chronometric virtues only of a species of immensely wide range. 
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That I may not be supposed to misrepresent the views of 
“some American geclogists,” I here cite a paragraph from the 
observations of Professor James Hall on metamorphic rocks, to 
be found in the third volume of his N. Y. Paleontology (1859), 
p- 98. 


“The imperfect study of these metamorphic rocks which I was 
able to make, while engaged in other duties, during the years 
1843, 1844 and 1845, enabled me to recognize among these deposits 
a certain order which appeared to me to be marked by the pres- 
ence of characteristic minerals which had been segregated from 
the surrounding mass. These observations, combined with subse- 
quent considerations of the subject, convinced me that much might 
be done in the recognition of metamorphic masses by the con- 
tained minerals; and that a proper study of these would reveal 
some means of identification of beds at distant points, analogous 
to the mode of distinguishing successive formations by their con- 
tained fossils. I have subsequently, on many occasions, advocated 
this view, in discussion before the American Association for the 
Advancement of Science, and I am convinced that something of 
this kind will yet grow out of the farther investigation of the meta- 
morphic rocks and their contained minerals.” 


To which is added in a note— 


“Every observing student of one or two years’ experience in the 
collection of minerals in the New England States, well knows 
that he may trace a mica schist of peculiar but varying character 
from Connecticut through Central Massachusetts, and thence into 
Vermont and New Hampshire, by the presence of staurotide and 
some other associated minerals, which mark with the same unerr- 
ing certainty the geological relations of this rock, as the presence 
of Pentamerus oblongus, P. galeatus, Spirifer Niagarensis or 8. 
macropleura, and their respectively associated fossils, do the rela- 
tions of the several rocks in which they occur.” 


If Professor Hall intended, in the last paragraph, to imply only 
that the staurolite crystals afford aid in tracing a given con- 
tinuous formation over Central New England from south to 
north, he is right. But the paragraph from the text shows that 
he means more,—that he holds that this mineral may be used 
for the “identification of beds at distant points, analogous to the 
mode of distinguishing successive formations by their con- 
tained fossils ;” and this general principle has been since ap- 
plied by more than one investigator of crystalline rocks. 

It has, further, been put forth, by a geologist who agrees in the 
above with Professor Hall, that “the old idea of the conversion 
of great masses of Paleozoic, Mesozoic and Cenozoic rocks into 
series of crystalline schists, which so long found favor in Ku- 
rope and in America, is now proved to be an hypothesis based 
on very slender grounds,” 


— 
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From the time these ideas were first published, I have had a 
strong desire to learn whether facts sustained them. My strati- 
graphical observations over Western New England, in which the 
Taconic rocks were also studied, were begun some years since 
with special reference to the discovery of the truth on this sub- 
ject; and through the whole this object was prominent. The 
examination of the Bernardston region, the results of which 
are here given, was undertaken partly for the same purpose. 
Both have led to the conclusion that— 

Lithological evidence of geological age among metamorphic 
rocks of distant regions is in general* worse than worthless. It 
is easy to use, and presses itself on the mind most insinuating] 
when a conclusion is eagerly wanted; and on this account it 
should be treated with extreme distrust. I have further found 
that— 

The Earth did not finish up its metamorphic work in pre- 
Silurian time, or even by the epoch closing the Primordial, as it 
did not its mountain-making. And this should be so, if, as 
Mallet has demonstrated, the motion attending the uplifting and 
folding of rocks, or mountain-making, is, like other motion, 
transformable into heat. 


It is now twenty-two years since the first announcement, by 


Professor Edward Hitchcock, of the unexpected discovery of a 
bed of limestone containing well preserved stems of Crinoids 
in the very center of New England,+ and twelve years since 
the detailed report on the locality by C. H. Hitchcock, in the 
Geological Report of Vermont.t Mr. Hitchcock observes that 
Professor Hall had examined the Crinoidal remains (some of 
the stems of which are three-fourths of an inch to an inch in 
diameter) and had inferred from them that the beds were prob- 
ably of Upper Heiderberg age. The conclusion, as stated by 
Prof. E. Hitchcock, locates a Devonian sea in central Massachu- 
setts; and the distribution of the underlying roofing slate was 
regarded by him as indicating the extension of this sea north- 
ward over Kastern Vermont. 

The locality of Crinoidal limestone is about three-fourths 
of a mile north of the “ New England House” in Bernardston— 
a village a few miles west of the Connecticut River in North- 
ern Massachusetts. On the accompanying map of omy of the 
town of Bernardston § the position is marked by the letter /. 

* The exceptions here in view are certain of the earlier Archean (Azoic) rocks, 
as hypersthenite and other coarsely crystallized labradorite rocks, the very coarse 
reddish and dark gray syenites, zircon-syenite, and chrysolitic rocks. At the 
same time, it is far from certain that these rocks are exclusively Archzan. 

Report Amer. Assoc. for the year 1851, p. 299. 

Rep. Geol. Vermont, 2 vols. 4to., 1861, p. 447. 

This map is here inserted that geologists may have no difficulty in finding the 
places referred to, and so verifying the facts. Bernardston is on the Connecticut 
River railroad ; and its depot is the last stopping place for trains going north, be- 
fore entering Vermont. South Vernon is about seven miles by road northeast of 
the village of Bernardston, but hardly six in a direct line. 
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Directly west of the village (B) rises the ridge called West 
Mountain (W); the locality is on the eastern slope of a low 
part of this ridge, north of the higher portion.* 


iy \ \ 
\ 
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The rock of West Mountain and of its continuation to the 
north is clay-slate, it being part of the great slate formation 
of Eastern Vermont, quarried in several places for roofing slate. 
The Helderberg beds overlie the slate. 

Hitchcock’s section in the Vermont Report gives the order 
of successio.. Another is here annexed. There is, first, as 


8 
the upper member (though near the foot of the slope), a grayish- 
black mica slate (1); below this (higher up the slope), a thick 
bed of quartzite (2); next, the Crinoidal limestone (3), the bed 
at least 30 feet thick; and, finally, underlying this (though at 
a still higher elevation), another stratum of quartzite (4), 
which, in some places, passes locally into a black siliceous 
slate. The strike of the beds, along a line from the foot of the 
slope up to the limestone, is about N. 45°-50° E.,+ with the dip 
80° to 35°; the dip of the limestone at the quarry is 25° to 80° ; 
and, higher on the hill, that of the lower quartzite is 10° to 15°, 


* The locality is on the land of Mr. Williams. After passing his house (white), 
take the path leading up the hill back of the northern end of the barn. The first 
rock encountered is the slate of the Helderberg series; then quartzite; finally, 
after ascending about 150 feet, the limestone. The Crinoidal remains are found 
on the weathered surfaces of blocks quarried out from the more western openings. 

+ Compass course, as elsewhere. The variation of the compass is 10° to the 
westward. 
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but generally not distinct. Following the outcrops of the 
upper stratum of quartzite (No. 2) to the southward, the strike 
changes to N. 65°-70° E., making the dip S. 20°-25° E. in 
direction, with the amount unchanged. 

The clay-slate of West Mountain (or that of western Vermont), 
is made in the section (at s) an earlier unconformable formation.* 
At the nearest outcrop of this slate to the Helderberg beds— 
about 309 yards distant—the strike of the slate is N. 14° E., 
and the dip 60° to the eastward (that is,S. 76° E.). <A few 
rods south, the same slate has the strike N. 20°-80° E., and 
dip 55° to the eastward; and higher up West Mountain, half 
a mile to the south, the strike is N. 50° E., and dip 80° to the 
eastward ; the slate varying much in strike. Thus, while the 
Helderberg beds have a small dip everywhere, and the smallest 
as they approach the clay-slate toward the top of the ridge, the 
slate is very high in dip. Moreover, this difference charac- 
terizes the formations in other parts of the town of Bernard- 
ston; and hence, although no section of the two together was 
found exhibiting to the eye their relative position, the facts 
left little doubt of their unconformability. 

Again, the Helderberg slate is a widely different rock from 
the older clay-slate, it being strictly a mica slate. Undera 
lens, the scaly glistening texture is apparent; moreover, there 
are distributed through all of it numerous small prisms of 
brown mica, usually lying on their sides or oblique to the 
plane of bedding, which show their foliation and luster on a 
cross fracture of the slate, or by an oblique view of the surface 
of ‘a slab. These prisms are from a line to half a line in 
breadth and length. The prismatic edges are rounded, so that 
the prisms have really a narrow elliptical base. They have 
the aspect of phyllite (chloritoid) in some clay slates; but the 
folia are easily separable and flexible. There are also minute 
red dodecahedral garnets in the slate. On account of the 
mica crystals and garnets, the slabs freshly broken out are 
covered with small pimples and pits+ The clay-slate, on the 
contrary, is without the prisms of mica, and is far finer in 
texture; what unevennesses it has are not due either to mica 
or garnets. The Helderberg slate carries this feature through 
the region, and far beyond it; and the clay-slate is as persistent 
in its different characteristics. 

The Helderberg garnetiferous mica slate is in all cases lami- 

* Hitchcock, in the Report of the American Association, makes both slates 
alike in character and conformable. In the Vermont Report, the section repre- 
sents the lower slate as conformable, but the text leaves it in doubt. 

+ An examination of the slate for water has been made by Mr. George W. 
Hawes, assistant in the Sheffield Scientific School; and in it he obtained 2°41 to 
2°94 per cent. In a blowpipe trial of one of the little prisms of mica, only traces 


of water were found. The amount of water seems hardly sufficient to warrant 
calling the slate a hydromica slate: and, moreover, it does not feel at all greasy. 
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nated parallel with the bedding. Whether this is so or not 
with the roofing slate of the region is not positively known; 
the probability is against it. 

The limestone is crystalline, some of it coarsely so, and much 
of it impure. It contains in places disseminated pyrites, and 
large portions have consequently rotted away, and left beds of 
limonite. The purer kinds, on the surface of fresh fractures, 
are generally coarsely crystalline, and have nothing clearly in- 
dicating the presence of fossils; while a weathered surface of 
the same block may be covered with prominent crinoidal stems. 


The sight of a locality of Crinoids in the heart of metamor- 
phic New England is calculated to impress the mind strongly 
with the belief that it isa key that will open the mysteries of 
New England geology. The Geological Report of Vermont 
states that a quartzite formation occurs in the next town to the 
north, Vernon, the southeast town of Vermont, and the Massa- 
chusetts Report, that it is also largely developed just across 
the Connecticut River, in the town of Northfield ; and this sug- 
gested the true way of bringing the key into use. 

After a first visit to the village of South Vernon—six miles 
northeast of Bernardston—-with this object in view, I visited 
the region again in 1871, by appointment with Prof. C. H. 
Hitchcock, then, as now, State geologist of New Hampshire. 
The quartzite of South Vernon was found to be overlaid by an 
extensive hornblendic formation; mostly a coarse or fine gray- 
ish-green hornblende rock, or rather, in view of its color, actin- 
olite rock, but part grayish-black Some beds are speckled 
with feldspar, and others are a handsome syenitic gneiss. The 
quartzite and the other rocks have an eastward dip of 30° to 
85°, and the strike is N. 15° E. to N. 40° E.; but much of the 
hornblende rock is massive and jointed, and obscure in its 
bedding. 

Besides these rocks, there is, at a cut on the railroad, a few 
rods south of the depot, quartzite associated with a mica schist 
varying from fine to very coarse scaly in its different beds, and 
part of it gneissoid. Again, along a north and south road a 
mile west of South Vernon, a slate rock was found, part of 
which contained crystals of staurolite; and near it there was 
an outcrop of quartzite giving positive evidence of the con- 
formability of the two. The strike of the beds at this place is 
N. 35°-40° E., and the dip 40° to the eastward. 

We thus passed over a considerable variety of rocks conform- 
able to the quartzite—namely, coarse and fine mica schist, gray 
hornblende rock, both a pure and a feldspathic kind, syenitic 
gneiss containing the hornblende partly in oblong pointed crys- 
tals, and staurolitic slate; but we failed to find any limestone, 
and did not obtain good evidence that the quartzite was the 
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same in age with the Bernardston quartzite. Prof. Hitchcock 
observed that the staurolitic slate, quartzite and hornblende 
rocks were just those of his Coéds group in New Hampshire, a 
formation that covers a narrow band east of the Connecticut 
River from Massachusetts to Northern New Hampshire We 
crossed the river together, and saw these rocks in Northfield, 
Mass., and Hinsdale, New Hampshire. It was evident that the 
South Vernon rocks were Coés, whether the Bernardston were 
so or not. 

The characteristics of the Cods group, as given in Prof. Hitch- 
cock’s Annual Report for 1869, are, “ the presence of quartzite, 
staurolitic rocks, mica schists, hornblende schists, perhaps gneiss, 
protogine and other rocks, lying west of the White Mountain 
series and east of the Connecticut River, along the whole of 
western New Hampshire,” besides argillaceous slates, whetstone, 
mica schists, grits, etc., of Cods Co., ete. The occurrence of beds 
of limestone at intervals is mentioned in the Report of 1870.* 

The facts observed in the region at that visit made it evident 
that the relation as to age of the Bernardston and South Vernon 
quartzites was a subject of great interest, especially in connection 
with New Hampshire geology. Prof. Hitchcock appreciated it, 
and expressed his intention of soon having the South Vernon 
region—for the investigation of which he had akind of prior 


right—carefully studied. 


The year 1872 passed without anything being accomplished, 
owing, as he informed me, to the demands on his time made by 
portions of the New Hampshire Geological Survey. A day’s 
excursion was planned in the course of the summer; and, finding 
that he could not join me, I took a rapid turn over the coun- 
try alone, in order to gratify a reasonable curiosity. Crossing 
from South Vernon westward, to the road next west, nearly a 
mile, the hornblende rock of the first ridge was left for a 
whitish or grayish gneiss, which, while mostly poor in its bed- 
ding, showed in some places the strike N. 10° E. and a dip of 
30° to 55°, not essentially different from the same in the over- 
lying hornblende rock. The gneiss became to the westward 
hornblendic in many of its layers, and also graduated into horn- 
blende schist and hornblende rock; next beyond, appeared the 
staurolitic clay slate, with the same eastward dip. The horn- 
blende rock stratum and that of gneiss were fee several hun- 
dred’ feet in thickness. 


* In Prof. Hitchcock’s Report for 1870, four sections across the Coés group are 
given. In the description of that through Lyme there is the entry 2200 feet of 
quartzite and limestone ; that through Orford, 100 feet of limestone ; that through 
Lisbon, 50 to 100 feet of limestone. It is stated that ‘‘ mineralogically the schists 
of the Coés group are distinguished by the presence of cyanite, andalusite or stau- 
Tolite,” which are “silicates of alumina without alkalies.” “Garnetiferous clay 
slates” are mentioned as 4,500 feet thick in one section and 3,078 in another, 
evidently the same rock essentially that occurs at Bernardston and in Vernon. 
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The quartzite, which overlies the hornblende rock, constitutes 
a ridge just west of the road to Bernardston, commencing a 
short distance south of the village of South Vernon ; one outcrop 
of it and of the conformable underlying hornblende rock was 
met with two and a half miles east of Bernardston, between the 
two railroad crossings. About two miles east of Bernardston, 
I took a road leading northward to “ Purple’s slate quarry” 
(p, on the map), and found the slate identical in every respect 
with that of the Bernardston Crinoid locality—the same in tex- 
ture and in its imbedded crystals of mica and garnets. Its 
strike was northeast, and the dip 20° to the southeast. Thusa 
mica slate identical with that of Bernardston, and the horn- 
blende rock and quartzite characteristic of South Vernon, were 
found within two and a half miles of the old Bernardston local- 
ity, and all had approximately the same dip. The probability 
of an identity of age was strong; but still doubt remained. 

Another year having passed, and the important question still 
remaining unsettled,—as shown by Prof. Hitchcock’s geological 
report issued in July last, apparently preliminary to his final 
report—I thought myself released from further obligation to 
leave the field alone, and in August went to Bernardston for a 
final settlement of the question; and in an hour’s excursion it 
was done. In September, I was over the ground again to point 
out the decisive localities to Prof. Hitchcock.* 

The facts are simply these :— 

The Bernardston Helderberg locality (2 on the map) is 
situated, it will be remembered, on the western sloping border of 
the plain on which the village stands. On the ridge forming 
the opposite or eastern border, just north of the road to South 
Vernon (R), and only 1$ miles from the Crinoid locality (14 
miles from the village), there is visible from the road a hill 
with a quartzite summit (g). The beds dip 15° to 25° to the 
southward and southeastward. In the fields to the northwest, 
still nearer Bernardston, just east of a road but little traveled 
(at h, h'), there are ledges of hornblende rock precisely similar 
to that of South Vernon, a gray compact jointed rock, generally 
obscure in bedding, in some beds speckled with feldspar, and 
thence graduating into a syenitic gneiss. The dip of the rock 
was 15° in the direction 8S. 30° E. Between an upper and a 
lower stratum of the hornblende rock, constituting ledges a 
short distance apart, there was an outcrop of mica slate, identical 
in all respects with that of the Bernardston Crinoid locality, the 
small imbedded prisms of mica and dodecahedrous of red gar- 
net making it easily recognized; and it dipped with the horn- 
blende rock. Moreover, the lower stratum of hornblende rock 


* Between these two visits, I learned that Prof. Hitchcock had contemplated 
examining the region this autumn. 
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contained intercalated portions of the same slate; further, the 

roportion of slate in this ledge increased much to the eastward. 
Part of it contained the mica crystals very thickly disseminated 
so as to crowdedly spangle the surface of a cross-fracture—a 
variety closely like part of the rock at the railroad cut just south 
of the South Vernon depot. Thus the fact that the Bernards- 
ton garnetiferous mica slate and the South Vernon hornblende 
rock were of one and the same formation was made certain, 
for here, besides occurring in alternating beds, they graduate 
into one another. The position and dip of these ledges indica- 
ted that they were all inferior in stratigraphical position to the 
quartzite of the hill above mentioned. 

Decending the quartzite hill on the north side and continu- 
ing in that direction, the rock changed first to the same mica 
slate, the slate outcropping at one place from beneath the quartz- 
ite. The prisms of mica in some of the slate were an eighth 
of an inch in breadth and length; and, on a worn surface of it, 
they appeared as dull black, squarish spots. The garnets in all 
cases were minute and not very numerous. 

Such facts, observed right on the eastern border of the 
Bernardston plain, establish the identity of the western and 
eastern groups of rocks, although limestone was not found in 
the latter. They prove that hornblende rock, syenitic gneiss and 
hornblende schist are rocks of the Helderberg series, as much as 
the Bernardston garnetiferous mica slate. The surface between 
these eastern and western outcrops is covered partly by the 
Triassico-Jurassic red sandstone formation, and for the rest of 
the way by alluvium and stratified drift. 

East of this region (marked CC’ on the map) there are two 
ridges (D D’ and KE FE’), one to two hundred feet high, separated 
by a valley (vp), and in this valley lies the road (a 6), and also, 
adjoining the brook, Purple’s slate quarry (p), mentioned on 
the preceding page. The road cd is on the ridge E E’. 

West of the ridge D D’ and of the valley there bounding it, 
there is an outcrop of the mica slate with the mica crystals an 
eighth of an inch across. On the east side of this valley, and 
at the west foot of DD’, stands in the field a small ledge of 
grayish white gneiss. Part of it seemed to be in place, and 
had a small southward dip; yet it is not too large a mass to 
be a transported boulder. Rounded masses of the same gneiss 
were found scattered over the slopes and summit of ridge DD’, 
but no other outcrop was met with. 

In the meadow at the eastern foot of ridge DD’, lies the 
slate of Purple’s quarry, having the dip and strike already 
stated; and it is beyond question the Bernardston slate, what- 
ever be true of the gneiss of ridge D D’. 

In the top of the ridge (E E’), bounding this valley on the 
east, near E’ and E”, there is true quartzite, having a dip of 20° 
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to 28°, with the strike S. 20°-30° E. But, at both E’ and E”, 
the quartzite directly overlies and graduates into gneiss. It is 
itself in places micaceous, and then becomes true gneiss. A 
little north of E”, the gneiss is well-characterized ; and it is an 
old-looking kind, that might be thought pre-Silurian by a 
believer in the lithologicai test. The outcrops on the ridge 
were numerous, and the intimate connection of the unlike rocks 
too plain for the strongest doubter to question it. 

This adds to the Helderberg series, gneiss in extensive strata, 
another of the rocks observed at South Vernon. From the 
relative position of the quartzite and underlying gneiss in the 
ridge EX’, and the slate in the valley over a hundred feet below, 
the mica slate must be an inferior bed in the series, unless there 
is a fault. 

While at Purple’s quarry, Prof. Hitchcock remarked to me 
that the slate was precisely the rock that in the Cods group 
contains staurolites; and a moment afterward I found in some 
slabs of it a few cross-crystals of the mineral, representing 
among them both of the known kinds of twins. 

This adds staurolitic slate to the Helderberg series of Central 
New England. 

We are now prepared for our conclusions. 

1. This Helderberg series in Central New England comprises 
a large part of the common kinds of metamorphic rocks, gneiss 
of several varieties, undistinguishable lithologically from the 
oldest; hornblende rock and schist; syenitic gneiss; coarse 
mica schist and mica slate; staurolitic slate. 

2. A large part of the rocks that have been distinguished as 
of the “ Montalban” or ‘‘ White Mountain series” in New Hamp- 
shire, and regarded of pre-Silurian age, are here included, and 
are hence nothing but altered Helderberg sediments. It is 
hence far from true that “the crystalline rocks of the Green 
Mountain and White Mountain series” and “the whole of our 
crystalline schists of Eastern North America are not only pre- 
Silurian, but pre-Cambrian in age.”* 

8. The passage of quartzite into gneiss is exhibited in dif- 
ferent ways. The presence of mica in the quartzite is one of 
the steps But, at the locality marked qg on the map, part of the 
quartzite is very finely banded with white and gray, and the 


* Hunt’s Address before the American Association in 1871, pp. 8,36. The 
rocks referred to the ‘“‘ White Mountain series” are stated, in the Address, to in- 
clude “well defined mica schists interstratified with micaceous gneisses” and 
every variety ‘down to a fine-grained schist which passes into argillite;” ‘ beds 
of micaceous quartzite,” “dark-colored gneisses and schists, in which hornblende 
takes the place of mica,” which “ pass occasionally into beds of dark hornblende 
rock, sometimes holding garnets ;” “ beds of crystalline limestone in the schists,” 
which are intimately associated with the highly micaceous schists containing stau- 
rolite, andalusite, cyanite and garnet.” 
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white portions are feldspathic, as is proved by their fusibility 
before the blowpipe, while the light gray are quartz, and some 
short darker lines are micaceous. Thus this region, like that 
of Berkshire, demonstrates that gneiss and quartzite are rocks 
of the most intimate relations, as intimate as mud and sand 
along seashore flats. Part of the feldspathic layers widen at 
intervals into forms an inch or more thick at the middle; but 
they are generally nearly even. 

4. Hornblende rocks of the purest kind, and of great extent, 
are here so intercalated with quartzite and mica slate, and so 
often graduate into one or the other, that all must have been 
alike a result of the metamorphism of sedimentary beds. It 
is not possible that these hornblende rocks, constituting part of 
a Devonian or Upper Silurian formation, should have come 
from the metamorphism of beds of a pre-Silurian, chemically- 
deposited, meerschaum-like hydrous silicate.* 

5. The Bernardston, South Vernon and Northfield beds being 
of Helderberg age, the Cods group, which is but the northern 
continuation of the same series, is, if correctly traced out, also 
Helderberg. Hence, in the era of the Lower Devonian, the 
Connecticut Valley, from the latitude of Bernardston northward, 
was an arm of the sea, extending down from the great Devonian 
Gulf of St. Lawrence. Crinoids require the best of ocean water, 
and thus they had it in central New England. 

6. The Bernardston beds have been supposed to be Lower 
Devonian or Upper Helderberg on the ground of Hall’s opinion, 
and also on that of Billings’s, recently obtained. But both of 
these paleontologists speak of it only as the most probable con- 
clusion from the fossils thus far found: they may atone to the 
Lower Helderberg or later part of the Upper Silurian. Accord- 
ing to Prof. Hitchcock, a slate containing imbedded crystals of 
mica, just like that of Bernardston, occurs near Lake Memphre- 
magog, where there are fossil corals of unquestionable Lower 
Devonian types; and, as the same slate follows the Cods series 
through to that region, the lithological resemblance suggests 
identity of age, though not proving it without a further strati- 
graphical study of the region between. 

7. At Littleton, also, fifty miles south-southeast of Lake 
Memphremagog (S. 24° E.), there is a limestone, half metamor- 
phosed, containing Helderberg corals—one of the important 
discoveries of Prof. Hitchcock, to whom I am indebted for 
guidance over the region. The limestone is associated with 
quartzite and clay slate, and also with a series of chloritic rocks 
partly feldspathic, including chlorite slate and a kind of proto- 
gine in which a pseudophite-like mineral is disseminated in 
small grains; and it appeared to me that all were conformable. 


* Hunt’s Address, page 12. 
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If this conformability is sustained by further observations, we 
shall have here the additional lithological fact that— 

Chlorite rocks, including protogine, may constitute meta- 
morphic beds of Helderberg age. 

8. The facts which have been presented sustain the statement, 
made on an early page of this article, that lithological evidence 
of geological age is to be distrusted. If, when used by one who 
has made it a special study, it leads to the conclusion that true 
Helderberg rocks in the White Mountain series are of Cambrian 
or earlier age, it is surely a bad reliance. If it also makes out 
that Green Mountain rocks are of Huronian age, or of some 
other pre-Silurian period, when in reality belonging to the later 
part of the Lower Silurian, geologists may well be afraid even 
of its suggestions, unless it have sure stratigraphical support. 
“Huronian” areas have been defined in various parts of the 
country and the world, on the basis of this evidence alone ; and 
in such cases who knows any thing whatever with regard to the 
real age of their rocks? It is probable that the rocks consid- 
ered characteristic of the Huronian occur also among true Lau- 
rentian terranes; it is certain that they do in formations later 
than the Lower Silurian. 

Finally, what reason is there in chemistry or geology why 
crystals of andalusite and staurolite should have been =a only 
in pre-Silurian time? Andalusite consists simply of silica and 
alumina, and staurolite of the same, along with iron. These 
three ingredients are now and ever have been the most abun- 
dant of all the mineral constituents of the globe. With or with- 
out the iron, they are the materials of all clay deposits; and 
clay deposits from the decomposition of granite, gneiss and 
related rocks have been forming over the globe, and increasing 
in amount, ever since these rocks began their existence. 

They are therefore the very last minerals that should be 
thought of as pre-Silurian “fossils.” Were zirconium or any 
other of the rare metals a constituent in the species, there 
would be some reason for suspecting their restriction to the 
more ancient formations ; since later sediments would contain 
only traces of them. But silica, alumina and iron belong to 
all time. These remarks apply equally to chlorite, in which 
these three ingredients occur, with only a little magnesia beside, 
and water. 

9. The epoch of disturbance, in which these Helderberg 
rocks of the Connecticut Valley were upturned and crystallized, 
was probably that closing the Devonian, when, as Dawson and 
others have shown, extensive upturning, plication and cryst- 
allization of Devonian and older rocks took place over New 
Brunswick and Nova Scotia. It was the most prominent epoch 
of mountain-making on this eastern border of the continent, 
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after the Lower Silurian. Facts are against any earlier epoch ; 
and the only other probable suggestion is that the time was 
after the Carboniferous age, when the Alleghanies were made. 
Hence, the various Helderberg rocks of the Connecticut Valley 
have their actual date as crystalline or metamorphic rocks either 
from the close of the Devonian, or that of the Carboniferous era. 

The conclusions which have been presented are based on a 
foundation of facts—certainly as far as the region of Bernards- 
ton, Vernon, Northfield and Hinsdale is concerned, where my 
own observations were made; and, judging from the descrip- 
tions of Prof. Hitchcock, they appear to be sustained as regards 
the Coéds range to the north. 


I now pass to what is at present hypothetical, since I can 
appeal only to the observations of others, and they are not 
sufficient in detail for positive conclusions. I propose to ex- 
amine the region personally, another season. 


2. The Connecticut Valley in Massachusetts. 


The region of the Connecticut Valley, south of Vermont and 
New Hampshire, commencing in the northern towns of Ber- 
nardston and Northfield, iscovered to a breadth of ten to twenty 
miles with the Triassico-Jurassic Red Sandstone formation; so 
that the opportunities for observing the continuation of the 


more northern formations southward are thus much restricted. 
Still there are pertinent facts on record. 

In the geological map of Massachusetts connected with Hitch- 
cock’s Report, the hornblendic rocks of South Vernon and 
Northfield are made to extend southward in two lines, one 
south of South Vernon, passing by Leverett, Amherst and 
Granby, the other south of Northfield, through Shutesbury, 
Belchertown, Palmer, Monson and Wilbraham, each line quite 
crossing the State to Connecticut. Gneiss, mica schist and clay 
slate occur with the hornblendic rocks, as at the north. Quartz- 
ite is spoken of as occurring with the hornblendic rock of 
Northfield, Palmer, Monson and Granby. 

The varieties of rocks described by Hitchcock are similar to 
those of the Vernon and Northfield region, excepting that no 
staurolitic slate is mentioned. 

There is hence a probability, that these lines of hornblendic 
rocks are but a continuation southward of the Cods formation : 
and, if either is so, then the wide Helderberg sea of the Con- 
necticut Valley extended southward across the State of Mas- 
sachusetts. 


3. The Connecticut Vulley in Connecticut. 


In Connecticut the Connecticut Valley terminates at New 
Haven Bay—not at Saybrook. The river leaves the great cen- 
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tral valley of New England at Middletown, it there passing 
out of the area of the Triassico-Jurassic Red Sandstone (which 
continues through to New Haven) by cutting through the me- 
tamorphic rocks of Eastern Connecticut. 

_ Percival, in his Report on the Geology of Connecticut, states 
that, adjoining the Red Sandstone region on the east, there ex- 
tends, southward from Massachusetts, a range of hornblendic 
and chloritic rocks associated with gneiss, and in some places 
with imperfect quartzite. He remarks that he has traced this 
chloritic and hornblendic range into Massachusetts as far as 
Wilbraham, one of the localities of hornblendic rock mentioned 
by Hitchcock, showing that it is identical with the eastern of 
the ranges in Massachusetts. He followed it in Connecticut 
through Somers, Ellington and Glast-nbury to North Chatham, 
in the latitude of Middletown, where it disappears beneath the 
Red Sandstone formation. 

The chloritic rocks include a chloritic gneiss, related to proto- 
gine, and also a compact rock which he says resembles green- 
stone. Percival suggests that this chlorite formation is continued 
on the west of the Red Sandstone formation abreast of New 
Haven, stating that part of the eastern chloritic rocks are more 
like those near New Haven (in the towns of Orange and Wood- 
bridge) than any others in the State. In fact, part of the rock 
of the latter region much resembles greenstone or diorite, and 
was called “ primitive greenstone” in the first published account 
of New Haven geology, by Prof. Silliman, in 1811.* 

If Percival is right in his suggestion, then all these Connec- 
ticut chloritic rocks adjoining the Connecticut Valley are 
as much Helderberg rocks as the hornblendic and associated 
rocks of Massachusetts from Monson to Northfield, or those of 
the Coés group of New Hampshire. Even diabase, a labradorite 
rock which, under the name of diorite often given it, is of 
intensely Huronian look to the Huronian-seeker, is one of the 
New Haven Helderberg rocks like the rest. Much limestone 
occurs in the formation west of New Haven. 

Thus the observations of Hitchcock and Percival, in connec- 
tion with those made farther north, lead toward the view that 
in the Helderberg era the Connecticut Valley, through its whole 
length from north to south, was a wide crinoidal and coral- 
growing sea separating eastern from western New England. 
These are suggestions—but suggestions with probability enough 
in their favor to give profound interest to further investiga- 
tions throughout the valley. 


* Bruce’s Mineralogical Journal, vol. i, p. 145. 
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Art. XXXVIIL—Letter of Dr. B. A. Goutp, Director of the 
Cordoba Observatory, to the Editors, dated Cordoba, Aug. 5, 1878. 


My last letter to you was written in the beginning of Sept., 
1872, at which time I gave you some account of the progress 
of the Uranometry, and of the preparations which were then 
going on for the commencement of the long deferred work of 
the zone observations. 

Since that date I have been so overwhelmed with labors of 
various sorts, that I have scarcely been able to secure the need- 
ful hours for physical repose, while various superadded cares, — 
almost inseparable, I suppose, from an undertaking of such 
magnitude,—have scarcely left me the quiet for ordinary affairs 
of routine, and have rendered letter-writing altogether out of 
the question. Yet I have greatly desired to send you some 
brief account of the progress of the work, and now avail myself 
of the earliest good opportunity. 


Work at the Cordoba Observatory. 


The observations for the Uranometry were essentially com- 
pleted early in the present year, nothing remaining to be done 
except the examination of discordances and the scrutiny of doubt- 
fulcases. The observations for these purposes have been carried 
on by Mr. Thome, in such intervals as the absorbing duties of 
the zone-observations permitted, and nothing now remains to 
be accomplished except the reductions of the star-places to the 
mean equinox of 1875-0, the actual preparation of the “charts, 
and the careful delineation of the Milky Way. These represent 
a large amount of labor, although small in comparison with the 
work of observation and identification already accomplished. 

Mr. Davis nearly completed the drawings of the Milky Way, 
upon his first series of maps, before he left us in March last; 
and I hope that before long the remainder may be disposed of. 
The preliminary tests of the observations show all the accord- 
ance that could reasonably be expected between the results 
obtained by the different observers; and one of the earliest pro- 
cesses yet to be undertaken will be the thorough and system- 
atic comparison of the results of the four observers, and the 
determination for each one of his probable error for a single 
estimate. I am confidently hoping that a few weeks will enable 
us to begin the preparation of the Uranometry for publication. 
The rule has been to determine the magnitude of all stars down 
to the 7°3 magnitude, partly in order to make sure of omitting 
none as bright as the 7-0, and partly for other reasons. The 
magnitudes thus determined for stars not to be included in the 
Uranometry will be available for the catalogue, which I hope to 
construct from the zone-observations. 

_ Am. Jour. Sc1.—Taimp _ Vou. VI, No. 35.—Nov., 1873. 
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On the 9th of September, the observations of the zones were 
commenced in earnest, after a considerable amount of prelimin- 
ary practice and a good deal of trouble in bringing the various 
qn into order. Whenever the weather permits we take 
three zones nightly, the length varying according to circum- 
stances, but averaging somewhat less than 100 minutes. Each 
zone is preceded and followed by the observation of four stars, 
well adapted for the determination of the instrumental correc- 
tions, and by the measurement of the nadir in both cdordinates ; 
so that the entire series of observations occupies at least eight 
hours. 

During the intervals between the zones I give rest to my 
eyes—the assistant who has read the microscope for the first 
zone taking the observations for instrumental determinations ; 
and being himself relieved at the microscopes by a colleague, 
who also officiates during the second zone, while the former en- 
joys a period of rest. Thus the routine gives alternately to 
each recorder at the microscopes one night with one zone, one 
with two zones, and one of repose. This arrangement, which is 
the most convenient, was interrupted in April, by the reduction 
of our force to two assistants. The weather, which had for four 
or five months been indescribably bad, so much so indeed that 
from the solstice to the March equinox there had been but 5 
nights free from clouds, had just become settled and favorable ; 
during an entire month there were but two cloudy nights, and 
until the middle of May we enjoyed magnificent opportunities 
for observing. During all this time, Messrs. Thome and Bach- 
mann continued the work without interruption or diminution, 
so that we observed one-half as many stars during this period 
of six weeks as during the whole six months preceding. This 
unremitting alternation they continued without the respite of a 
single night, provided the sky was clear, until within a few days, 
when the new assistant, Mr. Latzina, had acquired sufficient 
dexterity to relieve them in a measure by permitting the resump- 
tion of the old routine. 

Thus, notwithstanding the very unfavorable weather, which 
has essentially delayed the — of these series of obser- 
vations, that will now require the greater part of another year, 
I have the satisfaction of informing you, that we have secured 
no less than 879 zones, containing about 50,000 stars, of which 
less than one-fifth are duplicates. For the width of the zones I 
took two degrees as far as 46° Decl., and thence gradually in- 
creased it southward, until the last belt comprises the five 
degrees from 75° to 80°. In the Milky Way this width is 
halved, and in the magnificent galactic region near 7 Argusand 
the Cross, it became necessary to subdivide yet again. Thus 
my original estimate of the amount of work to be done fell short 
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of the truth, and my present means of judging lead me to ex- 
ect somewhat more than 500 zones between the parallels of 23° 
and 80° South Declination. These should contain about 65,000 
stars, so that you will see how large a share of the work of ob- 
servation has already been accomplished. I am now considering 
the advisableness of repeating the observation of the 10 degrees 
farthest north, and am inclined to believe that I shall decide to 
do this, in so far as it can be accomplished, without delaying the 
conclusion of the undertaking,—for which the greater part of 
another year will be needed to fill up the various regions which 
have been and are “ being lost.” Naturally, in the intensity of 
all this labor, no time has been available for the reduction of 
these observations, nor indeed has comparatively more than a 
small part been even read off from the chronograph-sheets. 

The Southern Circumpolar list of 54 stars, which as I once 
wrote you was prepared during the first year and has been 
well up in the same manner as the analogous lists for the 
Northern Circumpolars, which I prepared for the Coast Survey 
some fifteen years since, and has been adopted by the American 
Ephemeris, affords us an ample series of well-determined stars 
for determining the azimuth at any desired time, and obviates 
the necessity of too long an interval for the observation of de- 
termining stars between the zones. 

The intervals between the transits of the fundamental stars 
are turned to account for the determination of the positions of 
other stars, and in this way the materials for a small catalogue 
of carefully determined star-places are gradually accumulating. 
Among these are many of the stars used for comparison with 
the comet observed in January and February, 1872, but I find 
that I had unfortunately over-estimated the optical power of the 
meridian circle, which had at that time not been mounted. 
Thus there are several of the comparison stars which prove too 
faint for determination with the circle,—in which instrument I 
have been obliged to sacrifice the illumination of the threads 
upon a dark field, for the sake of obtaining a better illumina- 
tion of the field itself. The continued cloudiness of the early 
months of this year cost me the determination of some of these 
comparison-stars, so that I have not even yet taken up the re- 
duction of the observations. 

In this catalogue I am endeavoring to include as many as 
possible of those of Lacaille’s stars which have not been well 
observed since his time, and those stars whose places are not 
accordant in the different catalogues. 

Mr. Davis left us early in March, asI have already mentioned, 
and as he desired to return home by the way of Chile, I availed 
myself of the opportunity to obtain data for determining the 
longitude of some places through which his route would pass. 
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His observations were made with much precision, and afford 
admirable determinations of the longitude of the cities of Rio 
Cuarto and Mendoza. Similar observations made at San Luis 
prove to beaffected by errors of record, which preclude satisfac- 
tory results ; but any future observations capable of giving re- 
sults of sufficient approximation to indicate the errors which 
exist, will make these data available also. I had hoped to 
have obtained before this time the means of determining the 
longitudes of several other provincial capitals and prominent 
points, but the number and character of the impediments which 
are continually presenting themselves would be almost incred- 
ible to those not familiar with these regions. Still I hope 
before many months to carry out this plan. 

The longitudes thus far determined are :—In connection with 
Sr. Moneta, Chief of the National Engineers, by transit obser- 
vations and exchange of signals on several nights— 

Rosario, E. 0" 14™ 14% 48+-0*-02 (latitude, 32° 56’ 41-7) 

Buenos Aires, E. 0 23 18°88--0°03 34 36 21 °4 
By solar observations made by Mr. Davis with reflecting circle— 

Rio Cuarto, W. 0™ 36° °4 (lat. 33° 7’ 19”), 

Mendoza, W. 0° 18" 30°6 (lat. 32° 53/ 6”). 

The photographic work went on with all the success that we 
had any right to expect with the broken lens. Dr. Sellack suc- 
ceeded in obtaining impressions of some twenty Southern clus- 
ters, among them one of the 7 Argus cluster with 57 stars, and 
one of the magnificent cluster near y Carina with 122 stars. 
But the fracture seems to have been fatal in one respect, for none 
of the stars on these plates give a trail, so that the zero of posi- 
tion is not determined with the sharpness desirable. Finally, I 
decided to bespeak another object-glass of Mr. Fitz on my own 
account, and in October sent him the order. The National 
Government, with the liberality which it has never failed to mani- 
fest on every fitting occasion, soon afterward authorized the pur- 
chase of the lens for the Observatory, and gave to Dr. Sellack an 
appointment from the beginning of the year, as professor in the 
scientific faculty now organizing in this University, with instruc- 
tions to continue the photographic work at the Observatory for 
the present. The new lens has now arrived in perfect order. 
Mr. Fitz gives very encouraging accounts of its performance, 
and a very few days ought to see the work resumed anew under 
better auspices for success. Before long I hope to be able to 
give you good accounts of the results obtained. 


Cordoba Meteorological Bureau. 


The meteorological bureau, of which I wrote, was established 
by the National Congress soon afterward, and is already organ- 
ized. A liberal sum was placed at my disposition for the pur- 
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chase of meteorological instruments, to be distributed to such 
competent persons, in different parts of the country, as may be 
willing to undertake the necessary observations. Although I 
lost no time in ordering some instruments, as preliminary 
specimens, from various countries, only a few have as yet 
arrived; and these are already distributed. Meanwhile I am 
doing my best to secure the co-operation of educated men in 
various parts of the country, that their observations may com- 
mence as soon as the requisite instruments are at their disposal. 
And in the interval I am endeavoring to obtain whatever me- 
teorological observations may have been heretofore made, within 
the Argentine territory, in the hope of publishing the results as 
a sort of basis for the study of the climatic and atmospheric 
relations of the country. I have had the gratification of find- 
ing that two gentlemen have carried on uninterrupted series of 
observations for some dozen years past, the one in Buenos 
Aires, the other in Bahia Blanca, near the Patagonian frontier. 
Others have likewise made series of observations of greater or 
less extent, in other places, all which I hope soon to have col- 
lected. Unfortunately. the difficulty of obtaining and trans- 
porting mercurial barometers has led almost all the observers 
to make use of anercids which have been inadequately or not 
at all compared, and even now the transportation of a barome- 
ter is a matter of serious difficulty ; since the interior traffic is 
chiefly carried on by troops of mules, and even where the 
roads permit of carriage in wagons, the peril to a fragile instru- 
ment is not much less. One gentleman recently informed me 
that he had had six Fortin barometers successfully forwarded 
him, and with every precaution which his ingenuity could sug- 
gest,—but none had ever reached him in safety. The post- 
office has recently introduced a lighter class of vehicles for 
easier and quicker transmission of the mails; and as the 
government is providing for the construction of roads between 
all the principal towns, I hope for better success in the distri- 
bution of the instruments,—since every existing facility is 
afforded with the utmost cordiality and liberality by the ad- 
ministrative officers. 

Thus far the new meteorological office has secured the co- 
operation of about fifteen correspondents, of whom ten are 
already provided with the necessary instruments, and I have 
small doubt of finding as many more willing to undertake the 
gratuitous and arduous labor of three daily observations,—a 
matter requiring far more effort and care in this country than 
at home. It has seemed the far wiser policy to aim first 
simply at securing a few elementary data, than by asking for 
many and varied observations to imperil the accuracy and sys- 
tematic character of the whole, and incur danger of deterring 
observers from an undertaking which might appear to them 
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too laborious. Hence the programmes issued ask only for the 
readings of the barometer, thermometers with wet and dry 
bulbs, direction and estimated force of wind and amount and 
form of the clouds, and quantity of rain. These taken at 
7 A.M. and 2 and 9 P. M., are quite enough for persons not 
devoted to scientific pursuits. I have prepared a little pamph- 
let giving the necessary instructions and precautions, and 
blank forms, modeled essentially upon those of the Smithson- 
ian institution, for the registry of the observations,—both of 
which have been already freely distributed. Some of the 
officers of the national army had commenced regular observa- 
tions at frontier stations, when the present insurrectionary move- 
ment of Lopez Jordan, the assassin of Gen. Urquiza, in Entre 
Rios, interrupted the undertaking by requiring a concentration 
of the national troops in that unfortunate province, now for 
the second time in three years devastated by the semi-savage 
hordes, whom the hope of plunder, and the excitement of a 
mode of life more attractive to the gaucho than the pastoral 
pursuits of peace, have served to gather round this chief. 


Earthquake of October, 1871. 


You may remember hearing of the calamity to the Argentine 
city of Oran, which was destroyed by an earthquake on the 
25th October, 1871. This was the most northerly town in the 
republic, situated about 45 14" W. from Greenwich, and 23° 
10’ S. lat., and contained about 4500 inhabitants, of whom 
perhaps a thirtieth part perished in the ruins. The houses in 
these regions are usually built, as you know, with but one 
story: the better class consisting of single rooms arranged 
round one or more open court-yards; the poorer, of a single 
apartment like an Irish cabin; and all constructed principally 
of adobe or sun-dried bricks,—so that the loss of life on such 
occasions is far less than would be the case were the building 
material harder, or the structures more elevated. This unfor- 
tunate town, having just been rebuilt from its ruins, has now 
suffered the same fate for the second time. 

On the 7th July, I received from Major Host, a Prussian 
engineer officer with whom I had just concluded arrangements 
for determining the longitude of the city of Salta (latitude 
24° 15’, longitude about 45 28™ from Greenwich), a telegraphic 
message informing me that on the day preceding, at 3 54™ P. M., 
Salta had been visited by a violent earthquake, which lasted 
for 28 seconds, and consisted of about five severe shocks at 
intervals of 5 or 6 seconds,—the motion being from N.E. to 
S.W., followed by a series of slight vibrations which continued 
until about 10 P. M. 

Later accounts brought information that the city of Jujuy, 
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north of Salta, had suffered much injury, the church tower 
having been thrown down, the principal public buildings much 
injured, and many private houses destroyed ; and we have now 
the tidings of the new destruction of Oran. Meantime, through 
the courtesy of Mr. Voglino, Superintendent of the Transan- 
dine telegraph, and the kindness of correspondents, I have 
learned of several shocks in the cities of San Juan, Santiago 
and Valparaiso on that evening and the following night, which 
for a time impressed me with the suspicion that the earthquake 
which destroyed Oran and shook the cities of Salta and ees 
must have been the same which was felt on the Pacific Coast 
- ten hours later. This belief appears to be generally entertained, 
and statements to this effect have been made in the principal 
journals. Nevertheless, the intrinsic improbability of such a 
phenomenon seemed so great, that I have made very careful 
inquiries, through those regions of this republic and of Chile 
which suffered on those dates, and have convinced myself that 
the first impression was incorrect. 

The shocks which destroyed Oran at about 34 P. M., July 6, 
are stated to have been felt at Jujuy and Salta, at from 6 to 8 
minutes before 4, and at Tucuman (approx. lat. 26° 50’, long. 
4» 15™) at about 4% 35’ to 4" 40™. But it must be remembered 
that in all these places most of the people are unaccustomed to 
any exact determination of time, and that even the few who carry 
good watches have no correct standard of local time. The 
lines of telegraph which the National Government has been 
rapidly extending in various directions throughout the country, 
and which are now provided with the correct Cordoba and 
Buenos Aires time, are beginning to remedy the deficiency, but 
this is comparatively a slow process. Therefore it is unsafe to 
found any careful estimate of the velocity of the wave from 
the data given. The managers of the National Telegraph 
and of the Transandine line uniformly afford every ‘possible 
facility for scientific investigations, and Mr. David, the Chief 
of the Cordoba office, has gathered from the various offices to 
the northward, as has Mr. Voglino from those to the westward, 
all the data which could be obtained. It is now clear to me that 
there were two distinct shocks at an interval of some ten or 
more hours; one on the borders of Brazil and Bolivia on the 
afternoon of the 6th, and the other on the Pacific Coast at a 
little after 2 a.m. of the 7th. Both shocks appear to have 
been felt in Rioja, San Juan and Mendoza, along the eastern 
slope of the Andes; but the data relative to the precise time 
of the shocks are so vague, that I do not venture to draw any 
inferences as to the rapidity with which the wave traveled. In 
Valparaiso there were eleven distinct shocks, so severe as to 
break all the telegraph wires between that city and Santiago. 
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Meteoric Iron of Grau Chaco. 


The government of the Argentine province of Santiago del 
Estero has offered a liberal premium for the discovery of the mass 
of meteoric iron so often cited as existing within that province 
in the uninhabited region known as the Grau Chaco. This mass 
of iron, cited in almost all the books, was described in 1788 
by two engineers, Celis and Cervino, who had been sent by the 
viceroy of Buenos Aires to examine into the truth of the 
reports given by the Indians on the subject. They reported 
that near the middle of a great plain called Otwmpa, about 
sixty leagues to the eastward of the city of Santiago del Estero, 
they found the mass of iron in question, in form approximately 
a parallelopiped, of dimensions not much less than 9} feet by 
6, and 4; thick, and whose weight they estimated at about 
90,000 lbs. During the War of Independence, while the port 
of Buenos Aires was closed by the Spanish blockade, an ex- 
pedition was sent to the Grau Chaco to obtain iron from this 
source for the manufacture of fire-arms. 

The expedition was successful, and returned with a consider- 
able quantity : a pieve weighing about 1,500 lbs. was given to 
Sir Woodbine Parish, the English Consul, who described it in 
his well known work on the La Plata, and sent it to the British 
Museum. The English chemists found it to contain about ten 
per cent of nickel. A brace of pistols manufactured from the 
same material was sent to the President of the United States. 
Similar but smaller pieces of iron are said by the Indians to 
exist in abundance in the same region, and it is to be hoped 
that under the stimulus of the large pecuniary reward now 
offered, the long lost site may be discovered anew. 


Art. XX XIX.—On a Modification of the Jagn Vacuum or Filter 
Pump ; by Prof. A. E. Foote. 


THE introduction of the Sprengel vacuum pump—so widely 
known since Bunsen applied it to rapid filtration—has been 
greatly limited by the fact that most laboratories do not com- 
mand the needful head of water. Jagn’s pulsating pump, de- 
seribed in Liebig’s Annalen, November, 1872, is capable of 
producing a very good vacuum with a water fall of three to 
five feet. In adopting this pump for laboratory use, I found, 
in common with many other persons, that the form given by 
the inventor has grave defects. Of these, the most troublesome 
lies in the caoutchouc valve, which after a time becomes stiff 
and acts imperfectly or not at all. The valve devised by Thorpe, 
described in the Phil. Mag., October, 1872, and noticed in this 
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Journal, March, 1878, has in my hands proved difficult of con- 
struction, works badly unless perfect, and quickly wears out. 

My device is exceedingly simple and easily constructed. It 
can be made of common materials by any plumber, or gas fitter. 
It has been in use in this laboratory for some months, and we 
easily produce by it a vacuum of twenty-five inches of mer- 
cury. The following is a description of the apparatus as modi- 
fied. by myself. 
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A A is a tube about four feet long, and from three-eighths to 
one inch in diameter. ‘To the side of this an arm B is affixed, 
by means of a T coupling. B is from four to eight inches in 
length, and may have a manometer tube attached. C is the 
caoutchouce vibrating tube which conducts the supply of water 
to A. The upper part of A over which C is thrust, is cut off 
at an angle of 40°. The vibrations are regulated by a move- 
able arm D. To B is attached a rubber tube E, which leads to 
the vacuum bell jar or bottle. Within B and near its connec- 
tion with A, is fixed by cement, the valve represented in fig. 2. 
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The valve is constructed as follows: A cylindrical metal 
plug about one inch long, and of such diameter as to slip 
easily within the tube B, is cut away at one end (as shown in 
fig. 2, where it is represented in section, with a portion of tube 
B), leaving a tongue of metala. This tongue of metal is driven 
down upon a flap of sheet caoutchouc, about 1 millimeter in 
thickness, b, which is thus held upon the bevel of the plug 
and covers the two channels, cc, one of which is seen in section. 
These channels communicate with the passage d, made by filing 
away tangentially the metal of the plug as shown in the cut. 
The caoutchouc flap is represented as lifted away from the face 
of the plug in order to show the orifices which it closes when 
the water current in the tube B is checked. These holes, in 
order to be perfectly closed by the flap, must be at least one- 
sixteenth of an inch in diameter. The sheet caoutchouc should 
be as thin as possible, as the thinner it is the smaller the holes 
may be, and the better it works. It is absolutely necessary that 


the plug should be tightly cemented into the tube so that not a 
trace of air can leak through. A clamp placed upon E, and 
used to retain the vacuum, may also be made to regulate the 
rapidity of exhaustion, but this may be done more conveni- 
ently by means of a stop-cock F inserted in C, which regulates 


the flow of water, or by means of a “ globe valve” placed in 
the supply pipe. The angle at which A is cut off at the top 
is also important. If not just right, the vibrations of the caout- 
chouc tube are not perfect. By the use of the ordinary gas 
fittings (stop-cocks, pipes, etc.), we have connected one pump 
to several quite widely removed bell-jars or vacuum bottles. 

I have been led thus fully to detail this piece of apparatus 
from a belief that, as soon as known, its simplicity, compact- 
ness, efficient working, and cheapness of construction, will cause 
its general introduction into isleeutorien even where a fall of 
thirty feet can be obtained without difficulty. Its value, not 
only for rapid and difficult filtrations but also for evaporations 
where the application of heat is objectionable, cannot be over- 
estimated. 

I will here make note of a simple arrangement devised by 
one of my students, Mr. F. D. Whitney, which quickens filtra- 
tion sufficiently for many purposes. 

To the top of the shelving behind the sink fasten a tube 
vertically. Tai one end of this to the water-supply pipe, the 
other to the bulb of a thistle tube, by means of a glass tube 
inserted through a rubber cork; through another hole in the 
rubber cork is carried a tube which connects with a vacuum 
bottle. The vacuum produced is of course proportional to 
the column of water supported in the thistle tube and its con- 
nections, 
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For the platinum cone used in filtering, I take an old worn 
piece of platinum foil, one that has been used in blowpipe 
work, make it perfectly smooth and cut it to the center on one 
side, bend it till it nearly fits the bottom of the funnel and 
then press it in place by means of a turned wooden cone. The 
more small holes in the foil the better. 

I will add that these valves, as shown in fig. 2, as well as 
the entire apparatus, fig. 1, are made in the college workshops 
here, and will be furnished at cost, on application to Profes- 
sor Anthony. 


Chemical Laboratory of the Iowa State Agricultural College, 
Ames, Iowa, Sept. 8th, 1873. 


Art. XL.—Chemical Papers from the Massachusetts Institute of 
Technology.—No. III. On the Synthesis of Hydrocarbons by 
the treatment of Cast Iron with Acids ; by F. H. WILLIAMS. 


SincE the day when the close relations between mineral and 
organic chemistry were first recognized up to the present time, 
the artificial production of carbon compounds from inorganic 
sources has occupied in a remarkable degree the attention of 
chemists, and the discoveries of Woehler, Kolbe, Berthelot 
and others, in this direction have been received with the great- 
est interest; it is therefore singular that the simplest possible 
means of preparing artificially hydrocarbons has received so 
little accurate study. 

No synthesis in chemistry can be neater than that which 
joins the carbon combined in cast iron with the hydrogen evolved 
during the solution of the compound in an acid, and if no 
one has hitherto isolated and examined the products of this 
reaction, the reason of this neglect may med ions lie in the 
erroneous assumption, that the hydrocarbons must consist in 
such large part of marsh gas or similar gases, as to make it 
— to separate them from the hydrogen evolved. 

r. Schafheutl* has given us the most precise accounts 


which we possess, of attempts to isolate the hydrocarbons pro- 
duced during the solution of pig iron in an acid, but he does 


not appear to have obtained any notable quantities of sub- 
stances pure enough to be recognized. 

I publish here some attempts in the same direction, notwith- 
standing their incompleteness, in the hope that the results may 
be found sufficiently definite to awaken interest. They seem 
to point to the possibility of obtaining by the above mentioned 
method a great variety of hydrocarbons, helonging to the satu- 


* Erdmann, Jour, der Chemie, 1859, 76, 271. 
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rated and non-saturated series; and these experiments, which 
restricted time obliges me to terminate for the present, afford 
the hope that some at least of those bodies may be obtained in 
a state of purity by operating with larger quantities. The ma- 
terial for the investigation was white spiegel eisen containing 
a very high percentage of carbon. 

Of the volatile products, only those which could be separated 
from the hydrogen by condensation in a freezing mixture or 
by combination with bromine were examined, and those which 
could not be separated from the hydrogen by these means were 
lost. The compounds of carbon remaining in the liquid after 
the solution of the iron were collected. 

The following apparatus, after several trials, was found the 
most convenient for the treatment of the iron with an acid, and 
the collection of the hydrocarbons, which could be condensed 
in a freezing mixture or combined with bromine. 

A six liter retort was supported in a water-bath and con- 
nected with the lower end of a Liebig’s condenser one meter 
long. To the higher end of the condenser was attached a 
chloride of calcium tube; from this a small] glass tube carried 
the gas to the first of three tubes immersed in a mixture of 
snow and salt. From the last of these tubes the gas was con- 
veyed to the hood, where it was passed through bromine and 
was allowed to escape. 

The Liebig’s condenser was cooled by water. It was used to 
condense any vapor of water which might come over, and was 
inclined in such a way as to cause the water to run back into 
the retort. 

The arrangement of freezing tubes was as follows: In the 
bottom of an old oil cask, which was supported six or eight 
inches above the desk, were bored three holes. Into each was 
inserted, from the inside of the cask, a rubber stopper having a 
single omega ag Three glass tubes, somewhat less than a 
meter long and about thirty millimeters in diameter, were 
drawn out in such a way as to leave a small-sized tube three 
or four inches in length on one end of each; this end was 
ogery through the hole in the rubber stopper until the shoul- 

er of the tube rested on the rubber; the upper ends of the 
tubes were stayed to the side of the cask with large copper 
wire. To the small lower ends of the tubes projecting through 
the bottom of the cask, were attached small rubber tubes closed 
by spring-clips. 

The upper end of each tube was closed by a stopper having 
two perforations. Through one of these passed a small glass 
tube, bringing the gas nearly to the lower end of the larger tube ; 
through the other a small tube, which took the gas to the next 
condensing tube, was passed just through the stopper. In this 
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way the gas was required to go to the whole length of the tube 
in the freezing mixture. Nearly all the hydrocarbons were 
condensed in the first of the tubes, some in the second and 
almost none in the third. 

The cask was kept filled with a mixture of snow and salt, 
which gave a temperature of 15° C. nearly constant day and 
night during the experiments. The retort was charged with 
three kilograms spiegel iron, in pieces about the size of a wal- 
nut, and three liters of carboy muriatic acid 215 Baumé, and 
was quickly connected with the condenser. The disengage- 
ment of hydrogen was regulated by heat applied through the 
water-bath to the retort, and was kept as nearly constant as 

ossible. About sixteen hours after, six or seven c.c. of liquid 

yurocarbons were drawn off from the freezing tubes. The 
liquid had a very unpleasant odor and burned with a very 
smoky flame. 

About eighteen hours after charging the retort, it was dis- 
connected from the rest of the apparatus and the black liquid 
in it poured on a filter, care being taken not to allow any of 
the iron to go out. Two liters of fresh acid were added and 
the retort put back in its place. The black residue on the 
filter and the filtrate from it will be referred to again. 

The next day the liquid was poured out of the retort; two 
liters of fresh acid ial one kilogramme of iron were put in. 
The retort was charged with two or three liters of acid daily, 
and iron was added on alternate days for ten days; care was 
taken to keep the condensing tubes well cooled, and as soon 
as the bromine was saturated it was replaced by a fresh quantity. 

‘The amount of iron dissolved in the first experiment was 
7430 grams. 49 grams or ‘66 per cent. .of liquid hydrocar- 
bons and 325° grams of bromides were obtained. 

The whole of the hydrocarbons, together with a small quan- 
tity of muriatic acid drawn from the freezing tubes, were treated 
with water, with dilute caustic soda, and then again with water, 
until they gave no reaction with litmus. The hydrocarbons 
were separated from these and weighed. A small quantity of 
chloride of calcuim was added to absorb the water completely. 
They were allowed to stand some time in a stoppered bottle, 
when the most concordant analyses gave the following results : 


I, Hydrocarbons, ‘1764 grms. | II. Hydrocarbons 3213 grms. 
O, 4838 co ‘e822 
HEO 2172 3728 
III. Hydrocarbons 3625 “ | IV. Hydrocarbons ‘3555 “ 
I. Il. Iil. IV. 
Carbon 74°79 74°89 ccs 
Hydrogen 13°67 12°89 
Chlorine cove 11°44 12°25 
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A portion of the hydrocarbons was distilled in a small flask 
fitted with a thermometer. The vapor began to go over at 
938° C., the temperature rose steadily to 136°, where it paused 
slightly, thence to 155°, which seemed to be the limit. The 
larger portion of the liquid distilled over at 185°C. There 
was no decomposition or disengagement of chlorhydric acid. 
The few drops left in the flask had a slight acid reaction. 

The bromides, after being treated several times with dilute 
caustic soda, was washed with water until they gave no reaction 
with litmus paper; they were then weighed. 

They were allowed to stand over night with a small quantity 
of solid caustic potash ; in the morning they were poured into 
a flask and heated until the caustic potash melted. Under this 
treatment the liquid changed from a dirty milky to a dark, not 
very clear, vinegar color. 

The bromides were distilled from a flask through a Liebig’s 
condenser cooled by water. A thermometer inserted through 
the cork of the flask gave the following readings. The tem- 
perature rose from 20° slowly but steadily to 120° C, more 
slowly from 120° to 130°, still more slowly 180° to 140°, a 
barely perceptible motion 140° to 145°, stopped some time at 
146°, motion of the mercury could hardly be seen from 146° 
to 148°, stopped some time at 148°5°, motion could not 
be appreciated from 148°5° to 149°5°, stopped at 149°5° a short 
time, rose slowly 149°5° to 151°, rapidly 151° to 158°, slowly 
158° to 163°, rapidly 163° to 169°, slowly 169° to 176°, less 
slowly 176° to 179°, when the lamp was taken away, as brom- 
hydric acid was given off. About four-fifths of the liquid had 
distilled over. 

In another experiment using the same acid with German 
spiegel eisen, kindly furnished by the Bay State Iron Works, 
2778 grams of iron were dissolved, and 15 grams or ‘64 per cent 
of liquid hydrocarbons were obtained ; also 68°6 grams bro- 
mides. 

In this experiment all residues from the retort, consisting of 
graphite, silica, &c., were collected on a large filter ; these resi- 
dues were placed with the filter and about a liter of water in a 
flask and distilled. There came over and was condensed with 
the steam a clear, yellow, oily liquid, which was collected from 
the surface of the water and weighed 4°87 grams or °15 per cent 
of the iron dissolved ; nearly all of this came over with the first 
half liter of distillate. 

In a third experiment, using the same iron as in the second, 
but instead of muriatic, dilute sulphuric acid, one part to four 
of water, 1691 grams of iron were dissolved ; 1°8 grams, or ‘11 
per cent, of hydrocarbons were condensed in the freezing tubes; 
the bromides weighed 94°7 grams. 
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The muriatic acid probably favored the condensation of the 
hydrocarbons in the first two experiments ; also at times during 
this experiment, owing to difficulties in procuring the freezing 
mixture at the proper time, the condensing tubes were not as 
well cooled as they should have been; this would allow more of 
the hydrocarbons to go on to the bromine. 

Just previous to the last experiment a new retort was pro- 
cured and the condenser and freezing tubes were cleaned. 

The heat used under the retort in the experiments with muri- 
atic acid was very slight at first. Some time after the retort 
was charged and the rapidity of the current of gas slackened 
the temperature was raised. When sulphuric acid was used. a 
considerably lower temperature was sufficient to generate the 
gas rapidly enough. 

The gas, when lighted at the end of the apparatus, always 
burned with a small light-giving zone indicating the presence 
of hydrocarbons which were not collected. 

Once during the first experiment, when the retort was emptied, 
the liquid was poured into a stoppered bottle, the excess of 
chloride of iron allowed to piace out over night ; the solu- 
tion was then filtered, and four or five c.c. of nitric acid were 
added to about a half liter of the filtrate. The mixture was 
boiled, and ammonia water nearly to alkaline reaction added ; 
the precipitate of hydrate of iron was filtered off, washed, heated 
with sulphuric acid and ether in a stoppered bottle, and shaken 
at intervals for two or three days. The ether layer was distilled, 
and a portion of the distillate aliowed to evaporate spontaneously 
on a platinum dish left no residue; the lower layer was now 
added and distilled ; no oily layer was found on the water in 
the receiver. 

The residue in the flask was filtered, very dilute ammonia 
added until quite a precipitate of hydrate of iron was obtained, 
the solution still giving an acid reaction; the precipitate was 
filtered off, dried at 100° C., a portion heated in a closed tube. 
Steam and chloride of ammonium were given off: a small quan- 
tity of a black substance also condensed on the walls of the tube; 
no organic compound appeared to have been precipitated with 
the oxide of iron. 

The chloride of calcium in the drying tube, through which 
the gas had passed more than three weeks, was dissolved in 
water and distilled; there was collected from the surface of the 
distillate an oily liquid, resembling in odor and appearance 
that obtained from the residue in the retort. 

The result thus far obtained may be briefly summed up as 
follows: There may be obtained by the solution of cast iron 
in an acid, besides gaseous bodies, which escape with the hydro- 
gen, volatile hydrocarbons, boiling between 93° and 155° centi- 
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grade, probably belonging partly to the saturated and partly to 
the non-saturated series; of this latter series, very considerable 
quantities may be condensed by combination with bromine after 
having passed through a freezing mixture. It is particularly 
interesting to observe that when chlorhydric acid is used, the 
chlorides of hydrocarbons are obtained. 

Under the conditions of these experiments the quantity of 
hydrocarbons, which are not volatile with the vapor of water, 
is too small to allow them to be collected. 

No formation of an organic acid could be observed. 


No. IV. On the Estimation of Arsenic as Pyroarseniate of 
Magnesia ; by L. F. Woop. 


FRESENIUS determination of the solubility of arseniate of 
magnesia and ammonium in different saline solutions, and 
Puller’st very thorough investigation of the conditions under 
which arsenic acid should be precipitated with magnesic mix- 
ture, and of the properties of the precipitate, show us the sources 
of error to which this method of analysis is liable and also the 
means of avoiding them. 

Puller recommends using a slight excess of magnesia mix- 
ture, and assumes that the quantity of hydrate which is preci- 
pitated with the arseniate compensates for the solubility of the 
latter in the solution in which the precipitation is made; and 
he allows one milligram of arseniate of magnesia and am- 
monium to every 16 c.c. of washwater, to compensate for the 
solubility of the precipitate in dilute ammonia water. 

Puller confirms Wittstein’s observations, that when the 
hydrated arseniate of magnesia and ammonium is heated very 
gradually, and with extreme care to transform it into pyro- 
arseniate, the results are exact, and gives this method the pre- 
ference. 

Rose’s method of estimating arsenic acid is then reliable un- 
der the conditions described by the above authors; but the 
necessity of allowing for the solubility of the precipitate, and 
the liability to error from hasty ignition, are grave incon- 
veniences. The following experiments were made in order to 
find a method of precipitation and ignition free from the above 
objections, and if the results are confirmed by more extended 
experiments, the process described in Finkener’s edition of 
Rose can be successfully used with some modifications. 

The precipitant used was a solution of pure chloride of 
magnesium in alcohol of strength about 85 per cent. The solu- 
tion contained about 100 grams MgCl, per liter. 


* Zeit. fir Anal. Chemie, 1864, p. 206. + Zeit. fiir Anal. Chemie, 1871, p. 41. 
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In each analysis 0°3000 gram arsenious acid was used and 
dissolved in a solution containing 2 grams of carbonate of 
sodium, and oxidized to arsenic acid in the usual way with 
chlorine gas. The solution was then made acid with chlorhy- 
dric acid, about 2 grams of solid chloride of ammonium added, 
and then ammonia water in considerable excess. The alcoholic 
solution of MgCl, was now added as long as the formation of a 
precipitate continued, and then an additional quantity of about 
14 c.c. was added, and the mixture allowed to stand over night. 
A quantity of alcohol (85 per cent) equal in bulk to one-half 
the liquid was then added, and the precipitate was filtered upon 
a weighed filter and washed with a mixture composed of about 
2 parts alcohol, 1 part strong ammonia water and 8 parts water. 

In each case, when taking the weight of the Filter, it was 
nearly balanced on the opposite scale-pan by another filter of 
the same diameter. 

Since loss is unavoidable when the filter is burnt with the 
arseniate of magnesia adhering to it, and since, on the other 
hand, the complete drying of a large quantity of precipitate at 
100° is very tedious (see Puller, Zeit, 1871, p. 63), only the 
small quantity which could not be easily detached from the 
filter was dried to a constant weight at 100°. The bulk of the 
precipitate was put in a porcelain crucible, three or four drops 
of strong nitric acid added, and the whole placed in a crucible of 
larger dimensions and heated at first for about 15 minutes, at a 
gradually increasing temperature, to drive off the nitric acid and 
decompose the magnesic and ammonic nitrates. The object of 
covering the small crucible and placing it within a larger crucible 
was to avoid spattering and to keep away reducing gases. It 
also served to protect the wearing of the crucible, as at the end 
of seven analyses the small crucible did not differ in weight 
from its first time weighing. 

The crucibles were finally heated over the blast lamp for 
periods of 5 minutes, until the weight became constant. Since 
the products of decomposition of nitrate of ammonium are 
oxidizing agents, there is little reason to fear a reduction of 
arsenic acid in the process, and the following results appear to 
show that none is lost by volatilization. 

In the following analyses, in which 03 gram As,O, was 
taken, the weight of arsenious acid regained was calculated 
from the weights of pyroarseniate of magnesia in the crucible, 
and from the weight of hydrated arseniate left upon the filter. 


I, Filtrate = 137 c.c. Washwater = 54 ae. 


Weight of Mg, As,O = 0°4637 grams. 
MgNH AsO atAq. = 0076 “ 
As,O, equiv. in weight = 030008 “ 


Am. Jour. 8ct.—THIRD VI, No. 35.—Nov., 1873. 
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IL. Filtrate = 146 c.c. Washwater — 50 cc. 


Wt. of Mg, As,0, = 0°4637 grams. 
MgNH,As0+Aq. = 0°0076 
Wt. As,O, calculated = 0°3008 
IIL Filtrate = 106 c.c. Washwater = 58 c.c, 
Wt. of Mg, As,0O, = 0°4576 
“ MgNH, As0,+Aq. = 0°0184 
Wt. As,O, calculated = 0°2992 


In the following analysis the solution was allowed to stand 
four days after the addition of the alcoholic-magnesia solution 
and the alcohol. The result indicates the precipitation of 
magnesic hydrate or carbonate. 


IV. Weight of Mg,As,0, = 0°4962 
MgNH,As0,+Aq = 0°0083 
Wt. As,O, calculated = 0°8212 


In order to avoid this error in the following analyses, the 
first precipitate after filtration was dissolved in chlorhydric acid, 
and reprecipitated with an excess of ammonia water; and a 
quantity of alcohol equal to half the bulk of the liquid was 
added. The results were the same, whether this precipitate 
was filtered immediately or after the lapse of 24 hours. Prob- 
ably, if a second precipitation is employed, the alcohol might 
be added immediately during the first precipitation instead of 
waiting 24 hours. 


Results obtained by two precipitations. 
V. 1st filtrate = 109 c.c. 2d filtrate = 68 c.c. 


Wash water = 45 ce. 
Wt. of Mg, As,0O, = 0°4630 
“ MgNH,As0,-+Aq = 0:0068 
Wt. As,O, calculated = 0°2992 
VI. 1st filtrate = 125 c.c. 2d filtrate = 64 c.c. 
Wash water = 40 «ec. 
Wt. of Mg, As,0, = 0°4596 


MgNH,As0,+Aq = 0°0124 


Wt. As,O, calculated = 0°2999 


VII. ist filtrate = 165 c.c. 2d filtrate = 
Wash water = 45 c.c. 
Wt. of Mg,As,0, = 0°4615 
“ MgNH,As0,+Aq = 0°0099 


Wt. of As,O, calculated = 0°2999 
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Two of the filtrates and one of the washwaters were ex- 
amined for arsenic acid. One filtrate and washwater were acidi- 
fied with chlorhydric acid, and saturated with sulphuretted- 
hydrogen. After allowing to stand 20 hours, no precipitate 
was formed. The other filtrate above mentioned was treated 
with a large excess of magnesium mixture and warmed; the 
precipitate of magnesic hydrate or carbonate which was formed 
was filtered and redissolved in a very small quantity of chlor- 
hydric acid. On the addition of an excess of ammonic 
hydrate, no precipitate was obtained. It appears from these 
experiments that arsenic acid can be completely precipitated 
by employing an alcoholic solution of chloride of magnesium, 
and that the precipitate can be ignited without danger from 
loss by reduction, after the ammonia which it contains has 
been transformed into the nitrate by the addition of nitric acid. 


Art. XLI.—On Glaciers of the Glacial Era in Virginia ; by 
R. P. Stevens. (From a letter to one of the Editors.) 


IN a late visit to the Richmond, Va., coal field, my attention 
was drawn to palpable signs of glacial action, in long and nar- 
row trains of pebbles and small boulders: one train I traced 
for more than five miles. These trains in the vicinity are 
called “ancient river beds.” Their general direction was north 
and south. 

Other than these signs were seen at the new opening upon 
the middle vein, on lands of the James River Coal Co., lying 
north of the James River. I found the northeastern outcrop 
of the Coal-measures, including the lower vein of coal, had in 
many places been removed, and, with the debris of associated 
strata, had been carried over and deposited upon the northerly 
slope of the hill holding the upper vein of coal, making a true 
drift deposit, composed of Coal-meastire materials mingled with 
ponte gs gneissoid rocks. I was able to follow the line of 
removed outcrop up to the northern limit of the coal field. I 
had previously noticed similar phenomena south of James 
River. That the Richmond coal field had been struck by a 
moving glacier was quite as palpable as the northern fields 
of Pennsylvania. Richmond is in latitude 37° 30’ S. 

From Richmond, as far as Covington, I passed over the 
Chesapeake and Ohio R. R.: consequently no observations for 
glacial action could be made. At Covington, which is situ- 
ated on the Jackson branch of the James River, having a short 
time for examination, I soon found in the railroad cuts the up- 
turned edges of bluish slates shaved off, with drift clays and 
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gravel reposing upon them. Similar observations were made all 
the way up to Lewis Tunnel, or the passage of the railroad into 
the valley of the Green River. 

The Jackson branch has its source on the east flank of the 
east front of the Alleghany Mts. in Highland Co., Va. The 
Green River rises on the west side of the same mountains, in 
Pocohontas County. 

You may remember, that some time since I wrote you, that 
I had found Canadian boulders on the summit of the West 
Front Mts., or Back Bone Mts., in Tucker Co., at the sources 
of the N. W. branch of the Potomac River. Bearing this in 
mind, I was on the alert to find signs of glaciers, also, in 
the Green Briar Valley. 

No sooner had the tunnel been passed, and the valley en- 
tered, when great masses of true boulder drift were found 
massed on slates and limestones of the Subcarboniferous group. 
Beds were seen thirty feet in thickness. These evidences con- 
tinued as low down as the junction of the Green Briar with 
New River, at Hinton. At this point there was a good field 
for observation. Excavations had recently been made for 
foundations of railroad buildings. Here was seen the crush- 
ing, polishing, and grooving action of glaciers upon the hard 
gray sandstone of the valley, with boulder clays and gravel 
reposing upon it. There was no doubt left on my mind that 
glaciers had moved down both of these valleys; one to the 
South and West, the other to the South and East. 

It is an interesting inquiry, where did the Green Briar gla- 
cier pass from Hinton? Up the New River into the great val- 
ley of Virginia? or down New River and Kanawha River to 
join the Ohio glacier? Or did it follow the channels of both 
rivers ? 

Was the entire crest of the Alleghany Mts., East Front and 
West Front, with their parallel and associated ranges, the 
sources of these glaciers? or were they a portion of the great 
Canadian glacier? 

Ascending to the table land in Fayette Co., S.W. from Hin- 
ton, up to the height of 1870 feet above the ocean level, I failed 
to find signs of glacial action along the line of the highway to 
Fayette Co, court-house. Nor, when following the range of 
highlands forming the sources of Piney, Paint, Coal, and 
Guayandotte Rivers, did I find any signs of glaciers. 

May not a glacier have once covered all the highlands in 
these southern latitudes and remained stationary on the heights, 
then, perhaps, and most probably more extensive table lands 
than at present, and only moved along the water courses where 
slopes obtained to give descent to the sea? 

New York, Sept. 25, 1873. 
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[A subsequent letter dated October 6th, contains the following 
additional observation.—Ebs. 

I have revisited the summit of the Alleghanies at the crossing of 
the Baltimore & Ohio railroad, and, in the vicinity of Oakland 
station found evidence of a southward movement in the torn up 
fragments of the Coal measures, and their transportation south- 
ward where they repose upon the upturned edges of Rogers No. 
XI. The opening of many coal banks in the vicinity of Oakland, 
Deer Park and Strawberry Summit have given greater facilities 
for observation of superficial deposits than I enjoyed in 1867. 
Oakland station is about 30 miles north of the locality where I 
found, in the year above mentioned, a true Canadian boulder of 
real feldspathic gneissoid granite. 


Art. XLIL—On the Hypsometrice work of the U. S. Geological 
and Geographical Survey of the Territories, F. V. HAYDEN, 
U. S. Geologist in Charge; by JAMES T. GARDNER, Geographer 
of the Survey. 


FINDING that Colorado Territory, the field of action des- 
ignated by Congress, was the center of greatest elevation in 
the whole chain of the Rocky Mountains, it was determined to 
= the hypsometric results as far as possible beyond question. 

he experience of the Geological Survey of California, under 
Prof. J. D. Whitney, and of the U.S. Geological Survey of 
the 40th Parallel—Clarence King, U. S. Geologist in charge-—has 
shown that the determinations of heights of high points with 
the mercurial barometer were liable to errors varying from 150 
to 300 feet, even when the base barometer was at the foot of 
the peak, and not over 3,000 feet below the summit. In con- 
sultation with Prof. J. D. Whitney, who has for the past three 
been making a connected series of observations in the 

ierra Nevada, to discover, if possible, a method of correcting 
the errors of barometrical work, the present system was adopte 
We chose four points, at successive elevations of from 1000 to 
4000 feet, till 14,000 feet was reached. These stations were 
connected by lines carefully run with the spirit-level, and the 
lower station is also connected with the sea by spirit-level line. 

Permanent meteorological stations were established at these 
points, whose observations are taken at 7 A. M., 2 P. M. and 
9 Pp. M. The observations taken by field parties are classified 
according to heights, and each class is referred to the base sta- 
tion which is nearest their own elevation. 

The lowest station is Denver, where the U. S. Signal Service 
have one of their most careful observers. It is about 5000 feet» 


- 
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above the sea, connected with it by three spirit-level lines, one 
running to the Pacific and two to the Atlantic. 

The second station, Cafion City on the Arkansas River, at 
about 6000 feet high, is 90 miles south of Denver. The obser- 
vations of the classes to which these stations belong, that is, 

_ those between 5000 and 8000 feet, will almost all be taken 
within 60 miles of the base stations. 

The third station is Fairplay, in the South Park, 60 miles 
S.W. of Denver, and about 10,000 feet above the sea. 

The fourth is Mt. Lincoln, 10 miles from Fairplay. On the 
summit, 14,000 feet high, are a number of silver mines, owned 
by Capt. Breese, under whose charge this station is placed. 
The observations to be referred to the 10,000 feet and 14,000 
feet stations are all within 90 miles; and the peaks over 14,000 
feet high are all within 70 miles of Mt. Lincoln. It is the 
central position of this peak among its compeers that so ad- 
mirably fits it for a base of reference for all their heights. 

The observers at Cafion ‘City, Fairplay and Mt. Lincoln are 
all acting assistants of the Geological and Geographical Survey, 
and the observations will probably be continued through two 
entire years, for the purpose of climatological as well as 
hypsometrical investigation. 

The U. S. Signal Service have recently established a per- 
manent meteorological station on the summit of Pike’s Peak, 
about 14,000 feet high. The observations at this point will be 
reported daily by telegraph, and will be of the greatest popular 
and scientific interest. Unfortunately, the station was estab- 
lished too late to be used as a base for hypsometric purposes 
this season; but the results, as compared with lower stations 
connected with it by spirit-level, will be of vital importance in 
determining the proper corrections to be applied to the present 
barometric formula for use in Colorado. 

Besides the barometric determination 9f heights, two con- 
nected systems of trigonometric leveling have been carried over 
the whole area surveyed, one in connection with the primary 
triangulation and the other with the descending triangulation. 
The vetrical circles of the “ gradienter,” with which this work is 
done, are small—four inches only in diameter; but they are 
graduated with accuracy to minutes, and the attached levels are 
four inches long, and very sensitive, intended by their maker, 
Mr. Wm. Wurdeman, of Washington, to do the best of level- 
ing. 

The check observations are so arranged that the probable 
error can be easily determined, and it is hoped that the system 
will prove accurate enough to throw some light on the amount 
ef refraction in these high altitudes.) The comparison of the 
barometric system with the trigonometric will undoubtedly 
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prove how each can be used to the best advantage. Many of 
these results can be prepared for the next Annual Report; but 
as the survey of Colorado is only a completed, many of 


our experiments will be repeated for verification next year, and 
such changes made as this summer's experience may prove 
advisable. 

By these methods the heights of many thousand points have 
been determined, from which to construct a map in “ contours ” 
200 vertical feet apart, on a scale of two miles to one inch. 

Colorado Territory is the greatest center of elevation known 
on the continent; and it is the intention of the Survey to have 
its maps render with accuracy the general form and sculptured 
features of the great and varied mountain ranges, whose won- 
derful structure will be a subject of investigation to the geolo- 
gist for years to come. 


Art. XLIL—On a New Arrangement of Shutters for a Dome for 
an Equatorial Telescope; by EDWARD S. HOLDEN. 


In the mounting of equatorial telescopes, particularly those 
of large size, much difficulty has been met with in providing 
suitable shutters for closing the openings in the dome through 
which the observations are to be made. 

The conditions to be fulfilled in the slit and shutters are 
mainly as follows: 

ist. The sit must be wide enough to allow the passage of 
currents of air near its edges, without much disturbance near 
the center of the opening. It has been thought necessary in 
some recent structures to make this opening six feet wide. 

2d. The slit must be long enough to allow of a complete 
view of the whole heavens, when the dome is turned in differ- 
ent directions. If it extends from the base of the dome to three 
or four feet beyond the zenith, it is sufficiently long. 

3d. The shutters must be light enough to be managed by one 
man with ease. They must be waterproof; they must not be 
liable to get out of order. It should be necessary to lift as little 
weight as possible; if practicable, the whole of the slit should 
be uncovered at once. Various styles of covering for large tel- 
escopes have been contrived, in the endeavor to fulfill these 
conditions. Perhaps the most typical forms are: 

Ist. The sliding roof, like that of the Cincinnati Observatory. 

2d. The turret dome, like that of the Poulkowa Observatory. 

3d. The hemispherical form, such as is now used at West 
Point, Washington, and other places. It is probable that the 
sliding roof will not be used for the largest class of instruments. 
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The turret form also is objectionable for large instruments, as 
the shutters (if made and operated like those of Poulkowa) 
become very heavy for a six foot slit; and the extra material 
required for this form is also expensive. 

‘The 8d or spherical dome is almost universally used in 
America; and from recent constructions it is plain that it can be 
made cheaply of almost any size. The new dome of the Naval 
Observatory at Washington is forty-one feet in interior diameter. 
The only difficulty then in providing a suitable shelter for a large 
instrument is in the shutters. Many forms of these have been 
proposed, to all of which there seem to be objections, and as 
the structure increases in size these objections become more 
important. 

At the Observatory at Harvard College, the shutters are 
made in sections and slide back over the highest part of the dome. 
They have, it is believed, always worked well; but, if made 
long and large, their weight might become an objection. The 
shutters of the West Point dome (and of many similar ones, as 
at Washington, that of Mr. Lewis Rutherfurd in New York and 
others) open by cords from the inside, until they are at right 
angles with the surface of the dome, and are made in four or 
five sections. The objection to these, again, is their great 
weight if used to cover a wide slit, and the surface which they 
present to the wind when open. 

It is conceived that by constructing the slit and shutter in 
the following way, many of the objections will be obviated. 
The slit is to extend from the highest point of the dome to the 
junction of the hemispherical part with the upright portion or 
drum. 

The shutter is of one piece covering this, and is fastened at 
its upper end to an upright pintle which passes through an eye 
in the upper edge of the shutter. The bottom of it is furnished 
with several wheels with broad flanges, which run on a railway 
extending around the dome. These flanges must be turned 
inward toward the roof. The instrument is to be mounted with 
the center of its object-glass, when the telescope is vertical, two 
or three feet south of the center of thedome. To open the slit, 
the shutter must be revolved one hundred and eighty degrees 
round the vertical diameter of the dome as an axis. [If the slit 
is turned southward, the whole southern part of the meridian is 
visible, with a few degrees (say a degrees) beyond the zenith 
toward the north. To view the northern meridian, the dome 
must be revolved one hundred and eighty degrees, and in this 
way all that part of the northern meridian included between 
the horizon and 90—a degrees of altitude will be seen. A 
portion of the meridian near a degrees of north zenith distance 
will not be well viewed. If any object in that place is to be 
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examined, the dome must be revolved about ninety degrees 
from the first position above described. In this way, by turn- 
ing the dome in four positions, all parts of any vertical circle 
can be examined. 

It is evident that with an instrument eccentrically placed the 
dome has to be slightly larger than in the ordinary case. To 
accomplish this, some additional expense must be incurred, but 
it is believed that this expense will be a small item if it allows 
the construction of a better form of shutter. 

All the conditions of easy motion are in this form fulfilled. 
The weight of the shutter rests on a railway, and not a pound 
has to be lifted. The friction on the railway and on the pintle 
can be reduced to a very small gure. There should be no 
danger of the shutter running off the track, if the inside flange 
is wide enough. It can be easily operated by machinery so 
simple that no description is necessary. Finally, the precau- 
tions to be taken to make it waterproof are evident, and not 
too difficult. It is believed that a shutter of this form would 
satisfy the wants of practical astronomers, and would make the 
handling of large telescopes much easier than at present. 


SCIENTIFIC INTELLIGENCE. 


I. PHysics AND CHEMISTRY. 


1. On the Chemical Activity of Zine on which Copper has been 
deposited.—Several months ago, GLapsTONE and TRIBE announced 
that zinc on which copper had been deposited, was capable of de- 
composing water at ordinary temperatures. More recently the 
have studied the action of this “ copper-zinec couple” upon ethyl, 
amyl and methyl iodides. The couple was prepared by pouring 
a solution of cupric sulphate, containing about 1°5 per cent of the 
salt, upon a crumpled piece of zine foil, about the thickness of 
writing paper, and 14 inches by two in size, contained in an ounce 
flask. ‘The solution loses soon its blue color; it is then decanted 
and replaced by a fresh portion ; and this is repeated two or three 
times. The coating of copper deposited upon the zine should ad- 
here firmly, and should present somewhat the appearance of black 
velvet. It is well washed, first with water, then with alcohol and 
with ether, and dried in a current of dry carbonic gas. When 
ethyl iodide is poured upon this couple, but little action takes 
place at ordinary temperatures; but, at the temperature of the 
water-bath, some combustible gas is evolved, and there is produced 
a crystalline body, apparently Frankland’s zine ethiodide. The 
action was continued with an upward condenser until all the ethyl 
iodide disappeared. The crystalline body was then heated in a 
current of carbonic gas, and the dno-cthyl whith distilled over was 
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received in water, where it was at once decomposed. Its amount 
was estimated by the amount of zinc oxide produced. The theo- 
retical amount of zinc-ethyl obtainable from 9°5 grams ethyl iodide 
is 3°74 grams; in five experiments with the zinc-couple, the mean 
quantity was 2°17 grams, the maximum 2°61 grams. The best 
results were obtained under the ordinary atmospheric pressure. 
The gaseous products which were yielded by the crystalline body 
on decomposition, were ethyl hydride and ethylene in equal vol- 
umes. When water is present with the ethyl iodide and the 
couple, evolution of gas takes place at once, even at 14° C., 
amounting in the course of 36 hours to nearly the theoretical 
quantity, and being pure ethyl hydride containing a trace of 
hydrogen. Alcohol acts similarly. On amyl iodide, the couple 
acts readily at about its boiling point, 146° C., five c.c. of it being 
converted in fifteen minutes. Volatile bodies, proved to be amyl 
hydride and amylene, distil over, and the flask contains a liquid 
distilling at a higher temperature—which proved to be Frankland’s 
amyl—and a white crystalline body, decomposing at or about 160°, 
yielding also pure amyl. By modifying the experiment so as to 
retain the volatile hydrocarbons in the flask till the reaction is con- 
cluded, and then rapidly distilling, zinc-amyl was: obtained, but 
only 28 per cent of the theoretical quantity. By distilling from a 
paraftin bath and in vacuo, this yield was increased to 438°5 per 
cent. When water or alcohol is present with the iodide, the action 
is decided at 100° C., being complete in an hour and a half; pure 
amyl hydride is the sole product. Methyl iodide alone, was de- 
composed very slowly; but mixed with water or alcohol, pure 
methyl hydride (marsh gas) was rapidly evolved. In a third 
paper, the authors consider the nature of this black deposit upon 
the zinc. They show that, so long as the solution contains copper, 
the deposit consists solely of that metal; but, after it has all been 
deposited, a precipitation of zinc oxide, and even of metallic zinc, 
takes place upon the copper crystals. In one experiment, 7°4 per 
cent of metallic zinc was thus precipitated. Under the microscope, 
the minute crystals of metallic zinc are seen studding the branches 
of crystallized copper. In the ordinary method of preparing the 
couple, no zine would, of course, be deposited ; and such a couple, 
as experiment proves, is the most active. The black color of the 
deposit is due to its minute division.—J. Chem. Soc., II, xi, 445, 
452, 678, May and July, 1873. G. F. B. 
2. On a Method of Estimating Nitric, Chlorie and Iodic 
Acids.—Tuorpe has ingeniously applied the copper-zine couple 
above described, to the determination of nitric, chloric and iodic 
acids. When a small quantity of niter is added to the water sut- 
rounding the couple, and the whole is gently heated, no hydrogen 
is evolved, but a distinct odor of ammonia is perceived, and the 
liquid in the flask becomes alkaline from the production of potas- 
sium hydrate. Quantitative experiments showed that the conver- 
sion of the nitrogen into ammonia was complete. They were con- 
ducted as follows: 40 grams of thin shect zinc were placed in a 
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flask, and coated with copper by the action for 10 or 15 minutes 
ot a tolerably concentrated solution of copper sulphate. After 
careful washing, the weighed quantity of potassium nitrate and 
40 c.c. of water were added, and the flask connected with a three 
bulbed U-tube containing dilute hydrochloric acid. After boiling 
the contents of the flask for an hour, the ammonium chloride in the 
U-tube was determined as platino-chloride; 0°5090 grm. KNO, 

ave 10498 grms. PtCl, (NH,Cl)., equivalent to 0°50908 grm. 

NO,. The action is not influenced by the presence of alkali- 
chlorides or sulphates. Experiment showed the applicability of 
the method to the determination of nitrates in potable waters. 
Moreover, by the action of the copper-zine couple upon potassium 
chlorate and upon ammouium iodate, potassium chloride and am- 
monium iodide were readily produced, and directly determined..— 
J. Chem. Soe., I, xi, 541, June. G. F. B. 

3. On the Theory of the Continuous Chlorine process,—DxELa- 
LANDE and PrupHoMME have experimentally investigated this 
question in the laboratory of M. Schiitzenberger. They piaced 10 
grams of sodium chloride and 10 grams boric acid in porcelain 
boats, and heated them, in earthenware tubes glazed interiorly, to 
bright redness for three hours, 4 current of dry air being trans- 
mitted through the tube. When the substances were contained in 
separate boats, but a trace of chlorine was evolved; but when 
they were mixed together and thus heated, as much as 15 per cent 
of the chlorine present was set free. If the boat be withdrawn 
with the contents still in fusion, they are found neither dissolved 
nor mixed; but the undecomposed salt floats upon the boric acid 
and the borate produced. The decomposition takes place, there- 
fore, only at the points of contact of the two. Upon analysis, the 
amount of sodium combined as borate corresponded nearly to the 
chlorine collected. Ferric oxide was observed to be without any 
similar action upon the chloride, From these results, the authors 
draw the general conclusion that oxygen will displace chlorine 
from the chlorides at a red heat, in presence of an acid which will 
unite with the oxide produced, They make it general, - because 
they have obtained the result with boric, silicic, phosphoric and 
stannic acids and with alumina. If now the mixture be not made 
directly, but indirectly ; that is, if a salt of any of the above acids 
be heated in presence of a current of hydrochloric acid gas and 
air, the chloride is first formed and then reacts with the oxygen of 
the air in the manner above indicated. In order, therefore, for the 
continuous action to take place, it is necessary that the salt used 
should be acted upon by the hydrochloric acid. If, for example, 
pumice be submitted to the prolonged action of the gases, it loses 
rapidly its decomposing power, because the chlorides formed, be- 
ing volatile, are soon removed. This power, however, is at once 
restored, by immersing the pumice in a solution of common salt 
or of any other alkali-salt. In this the authors explain easily the 
continuous chlorine process of Deacon, which, as is well known, 
consists in passing a mixture of hydrochloric gas and air over frag- 
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ments of brick soaked in a solution of cupric sulphate.— Bull, 
Soc. Ch., Il, xx, 74, July, 1873. G. F. B, 
4. On a Glycerin of the Aromatic Series.—In 1870, Grimaux 
discovered the first glycol or diatomic alcohol of the aromatic se- 
ries. He now describes the first glycerin or triatomic alcohol of 
the same series. Considering cinnamic alcohol or styrone as phe- 
nyl-allylic aleohol—being ally] alcohol in which one atom of hydro- 
gen is exchanged for phenyl, thus: 
CH(C,H,) 


Allyl alcohol —CH Phenyl-allyl alcohol oH 
CH,OH CH,OH 
Grimaux considered it probable that, like allyl alcohol, it would 
unite directly with two atoms of chlorine or bromine to produce 
the chlorhydric or bromhydric ether of a glycerin. Experiment 
confirmed this prevision; bromine produced the desired bromhy- 
CH(C,H,)Br 
drin CHBr which was readily saponified by the action of 


OH,OH 
CH(C,H,)OH 
| 


boiling water, yielding the corresponding glycerin CHOH 


CH,OH 

To this pheno- or phenylglycerin, the author gives the name sty- 
cerin to indicate its origin. He points out its three isomers, de- 
rived respectively from methyl-ethyl-benzene, 
and isopropyl-benzene. The stycerin ethers with chlorine, bro- 
mine and acetyl are also described.— Bull. Soc. Ch., Il, xx, 118, 
Aug., 1873. G. F. B. 

5. Elements of Physical Manipulation ; by Epwarp C. Picx- 
ERING, Thayer Professor of Physics in the Massachusetts Institute 
of Technology. New York (Hurd and Houghton), 1873. pp. 
xii, 225, 8vo.—For the student engaged in the investigation of the 
problems of physical science by actual observation and experi- 
ment, the want of some manual which should give the best and 
simplest modes of conducting the researches, the manner of using 
the apparatus employed, and the modes of testing the results ob- 
tained, has been hitherto very imperfectly supplied. Books like 
Frick’s Physical Technics and the various treatises on chemical 
manipulation afford indeed many useful hints for the performance 
of special experiments, and the construction of simple forms of 
apparatus; and directions for the use of special apparatus are scat- 
tered through numerous treatises and journals, in the different 
departments of physical science. Professor Kohlrausch’s excellent 
little book, “ Leitfaden der praktischen Physik,” is almost the first 
and only one that treats of physical investigation in a practical 
and systematic manner, but it is somewhat limited in its plan, and 
is intended for students having already some familiarity with the 
work, many of the details of adjustment and manipulation being 
omitted. 


Geology and Natural History. 381 


Professor Pickering’s treatise is intended as a hand-book for 
students at work in the physical laboratory, and is admirably 
adapted to supply the want already referred to. It contemplates 
such a course of instruction that the student, at the close of it, will 
not only have become familiarly acquainted by personal experience 
with the apparatus, but will know how to use it, how to interpret 
the results, to calculate the errors, and to anticipate and avoid the 
various sources of error. _ 

An introductory chapter is occupied with descriptions of gen- 
eral modes of investigation, in which are treated, first, the analyti- 
cal methods of computing means, probable errors and the like ; 
methods of interpolation, etc.; second, graphical methods, which 
are somewhat extensively developed, and include some novelties ; 
third, the modes of measuring the different physical magnitudes. 
The succeeding chapter treats of certain general experiments in 
the preparation, adjustment and use of apparatus, preliminary to 
the special experiments, which are systematically arranged under 
the appropriate heads in the following chapters, where are given 
numerous practical exercises in the subjects of “Mechanics of 
Solids,” “ Mechanics of Liquids and Gases,” “ Sound” and “ Light.” 
Each exercise begins with a statement of the apparatus and ma- 
terials required, after which follow minute directions for the con- 
duct of the research in question. 

Although the reader may miss some things which he might ex- 

ect to find in such a treatise, the range of experiments is very 
arge, and will certainly more than realize the author’s modest 
hope that it may aid “in any way those engaged in physical in- 
vestigations.” Many a teacher will thank him for an indispensable 
aid in his work, and many a student will derive from it an en- 
couragement and a stimulus of the greatest value. A second vol- 
ume, including the subjects of heat and electricity, is promised, 
and will be looked for with interest. A. W. W. 


Il. NatuRAL History. 


1. Results of the Earth's contraction from Cooling.—On page 
172 of this*volume I have attributed a principle connected with 
the formation of mountains to Professor LeConte; and on page 
304 have modified the former statement, giving credit for part of 
the view to Professor Hunt. I have been referred by Prof. Hunt 
to an article of his which appeared in this Journal in 1861 (vol. 
xxxi, p. 392), in which he brought out the whole principle in 
the form presented by LeConte (except his adopting Hall’s view 
of subsidence from the gravity of accumulating sediments), both 
recognizing the weakening effect on the bottom of the subsid- 
ing trough through the heat from below, and the opportunit 
which was thus afforded for the lateral pressure from the earth’s 
eee to finish the folding. One of its paragraphs reads as 
ollows: 

“The accumulation of a great thickness of sediment along a 
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given line would, by destroying the equilibrium of pressure, cause 
the somewhat flexible crust to subside ; the lower strata becoming 
altered by the ascending heat of the nucleus would crystallize and 
contract, and plications would thus be determined parallel to the 
line of deposition, These foldings, not less than the softening of 
the bottom strata, establish lines of weakness or of least resistance 
in the earth’s crust, and thus determine the contraction which 
results from the cooling of the globe to exhibit itself in those 
regions and along those lines where the ocean’s bed is subsiding 
beneath the accumulating sediments. Hence we conceive that the 
subsidence invoked by Mr. Hall, although not the sole nor even 
the principal cause of the corrugations of the strata, is the one 
which determines their position and direction, by making the 
effects produced by the contraction, not only of sediments, but of 
the earth’s nucleus itself, to be exerted along the lines of greatest 
accumulation.” 

Professor Hunt is therefore entitled to the credit given in the 
place mentioned to Professor LeConte. J.D. D. 

2. United States Geological Survey of the Territories under the 
Department of the Interior, F. V. Haypen, United States Geol- 
ogist, in charge—The following volumes connected with the sur- 
vey have recently been issued. 

(1.) First, Second and Third Annual Reports for the years 
1867, 1868 and 1869. This is a reprint of these reports, in order 
that the series, now in much demand because of its intrinsic value, 
may be accessible from its beginning to the public. The survey 
commenced in 1867 in Nebraska, on an appropriation of $5,000, 
was continued in 1868 in Wyoming, on a like sum; and was 
extended in 1869 to Colorado and New Mexico on an appropria- 
tion of $10,000, 

(2.) Of the five volumes of Reports in quarto of the same expe- 
dition which are in progress, there have appeared Part 1 of Vol I, 
extending to 358 pages, and including thirty-seven plates,—on 
Fossil Vertebrates, by Dr. J. Lemmy; and part of volume V, com- 
prising 262 pages, treating of the Acridide or Grasshoppers, by 
Dr. Cyrus Tuomas. The wonderful character of the terrestrial 
vertebrate life of the region which is now the center of the Rocky 
Mountains, and the equally wonderful profusion of their remains, 
give great interest to a volume like this by Dr. Leidy, and alike 
to its companion, in course of preparation, by Mr. Cope. Dr. 
Leidy has here presented in detail, and with full illustrations, the 
descriptions of species from the collections of the survey and some 
other sources, which have appeared, in brief, mainly in the Pro- 
ceedings of the Philadelphia Academy. Dr. Leidy refers Marsh’s 
Dinoceras to his own earlier genus Uintatherium, stating that the 
differences are too slight for generic distinctions. 

In addition to Mammals, the volume contains descriptions of 
various species of fossil reptiles and fishes. 

Dr. Thomas’s work is a general synopsis with descriptions of 
the Acridide of the United States and also of those of other 
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parts of North America. A number of species are described as 
new ; but the volume is in the main a compilation. 

These volumes are handsomely printed, and the plates of Dr. 
Leidy’s report—the only one of the two illustrated —are excellent. 

(3.) Meteorological Observations during the year 1872 in Utah, 
Idaho and Montana. Prepared for publication by Henry Gan- 
NETT. 120 pp. 8vo. Washington, 1873.—The reports consist of 
tables containing the results of observations under the heads of 
barometer, dry bulb, wet bulb, dew point, relative humidity, 
direction of the wind, character and amount of the clouds,—to- 
gether with general remarks. 

8. Sphagnum as a Peat-maker.—Peat results from the heaping 
of vegetables growing at the surface of the bogs; but, as water 
is necessary for the preservation and transformation of the vege- 
table matter, and as peat does not grow always in basins, but often 
far above the reach of any water-level, where and how is the wa- 
ter procured? By the agency of a mere kind of moss, the Sphag- 
num, which acts like a vegetable sponge. These mosses absorb 
water from their leaves, their branches, their stems, still more than 
from their roots; they live, therefore, from the humidity of the 
atmosphere, when they cannot derive it from underlying basins of 
water. They always grow in compact masses, sometimes covering 
wide areas by their vegetation only. They grow, too, upon slopes, 
even steep ones, and thus, in countries where the atmosphere is 
charged with 2 large proportion of humidity, they ascend from 
the bases to the tops of high mountains, as is the case in Ireland, 
The cone of the Brocken, too, so well known in the German le- 
gends of the Hartz Mountains, is not only surrounded at its base by 
deep peat-bogs, but the peat covers, at many places, the slopes of 
the cone to the tops of its rocks. No one would dare to attempt 
descending the cone on these apparently smooth slopes of the 
mountain, formed by a mere carpet of mosses which, passing from 
rock to rock, covers sink-holes of great depth between them. In 
our own country, the same phenomenon is repeated in those naked 
places called glades, on the slopes of the Alleghany and of the 
Adirondack Mountains. They are openings like small prairies, in 
the middle of thick pine-forests. The fire has evidently not 
touched these places; a small spring has developed the vegetation 
of the spongy mosses. They have, by and by, invaded a larger 
space, preventing the growth of any other kind of vegetation but 
that of the bogs, even covering the dead trees falling upon them ; 
and there we have deposits of peat upon slopes of the same degree 
as that of the forests around. 

If one will take the trouble to traverse a peat-bog, even where 
its surface is flat and looks uniform, and where the dryness affords 
a somewhat solid footing, he cannot but remark this: 

(1.) The essential vegetable, the moss, (Sphaguum,) is not onl 
spreading and covering the plane surface, but its tufts ascend all 
over the debris of wood, even the largest trees which have fallen 
upon the ground, and cover them. And, when the swamp is in 
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some places over-grown by bushes or conifers, as is often the 
case, these mosses ascend against the trunks or above the roots, 
forming tufts or hillocks, around and upon them. 

(2.) This kind of moss, even in its more upraised and apparently 
dryest patches, is always full of water. Take a handful of it and 
_ it; water will run out of it, not in mere drops, but in rills, 

his moss har the softness of a sponge, and is a sponge. If you 
want a proof of it, put this now well-compressed and apparently 
dry tuft in your pocket, and when at home expose it upon a dry 
plate to the atmosphere for one cloudy night ; and in the morning 
you may repeat the experiment, squeeze the moss, and find it as 
much saturated with water as it was when taken from the swamp. 

Species of Sphagnum, when growing in water, extend their fil- 
aments over the surface in continuous and innumerable ramifica- 
tions, which soon form a net of floating vegetation, where other 
plants by and by take root and live. On solid ground, the same 
Species grow in compact mass, all their stems erect, closely pressed 
together.—L. Lesquereux in Hayden’s Rep. for 1872. 

4. Challenger Haxpedition—About 114 miles west of Fayal, 
Western Islands, the dredge brought up, from a depth of 1000 
fathoms, a gray sandy ooze, containing dead shells of Pteropods, 
many foraminifers, and pebbles of pumice; also large Schizopod 
crustaceans. At the same depth, between the islands of San 
Miguel ‘and Santa Maria, the bottom was Globigerina ooze, and 
stony corals were unusually abundant; two specimens of a large 
species of Fiubellum were obtained, and other kinds. West of 
Madeira, 376 miles, the bottom at a depth of 2025 fathoms was 
Globigerina ooze, the temperature 1°5° C.— Nature, Sept. 18. 

5. Reliquiw Aquitanice, being contributions to the pt 
and Paleontology of Périgord and the adjoining provinces of 
Southern France. By Epovarp Larter and Henry Curisry. 
Edited by Tuomas Rupert Jones, F.R.S., F.G.S., ete., Prof. 
Geol. Roy. Military and Staff Colleges, Sandhurst. Part XIL 
July, 1873. pp. 157-172, and (descriptive of the plates) 145-152, 
with plates A, xxxv, xxxvi, B, xxiii, xxiv, and C, vii, viii— 
This valuable work, whose publication has been for awhile sus- 
pended, has commenced again to be issued. Part xii contains the 
commencement of a paper by John Evans, Esq., on Bone and 
Cave Deposits of the Reindeer Period in the South of France. 
The plates contain engravings of flint eo p= and of .bones or 
horns etched or covered with carvings, and among the latter are 
the outlines of various animals. 

The prospectus states that this work will be completed in about 
15 parts, each to contain 6 plates. The cost of each is 3s. 6d. 

6. Note on Huizinga’s Experiments on Abiogenesis ; by Dr. Bur- 
DON-SANDERSON.—Under the title of a “ Contribution to the Ques- 
tion of Abiogenesis,” Prof. Huizinga has very recently pub- 
lished (Pfliger’s Archiv. vol. vii, p. 549) a series of experiments 
which deserve notice as constituting a new and carefully worked 
out attempt to support the doctrine of spontaneous generation. 
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Prof. Huizinga begins his paper with the words Multa renas- 
centur que jam cecidere, a as an expression of the recur- 
ing nature of this question. He then proceeds to say that he was 
induced to undertake his inquiry by the publication of the well- 
knowa work of Dr. Bastian (whom he compliments as having 
awakened the exhausted interest of physiologists in the subject), 
his special object being to repeat the much-discussed turnip-cheese 
experiment. 

ivery one knows what Dr. Bastian’s observation is. It is 
simply this, viz: that if a glass flask is charged with a slightly 
alkaline infusion of turnip of sp. gr. 1015, to which a trace of 
cheese has been added, and is then subjected to ebullition for ten 
minutes and closed hermetically while boiling, and finally kept 
at fermentation temperature, Bacteria develop in it in the course 
of a few days. This experiment has been repeated by Huizinga 
with great care, and the accuracy of Dr. Bastian’s statement of 
facts confirmed by him in every particular; yet, notwithstanding 
this, he thinks the evidence afforded by these results in support of 
the doctrine so inadequate, that he, desiring to find such evidence, 
has thought it necessary to repeat the experiment under what he 
regards as conditions of greater exactitude. 

Huizinga’s objections to Bastian’s experiment are two. First, 
that when a flask is boiled and closed emnatleadi in ebullition, 
its contents are almost entirely deprived of air, and (2) that cheese 
is a substance of mixed and uncertain composition. To obviate 
the first of these objections, he closes his flasks, after ten minutes 
boiling, not by hermetically sealing them, but by placing over the 
mouth of each, while in ebullition, a porous porcelain plate which 
has just been removed from the flame of a Bunsen’s lamp. The 
hot porcelain plate is made to adhere to the edge or lip of the flask 
by a ~ ad of asphalt, with which the edge has been previously 
covered. The purpose of this arrangement is to allow air to enter 
the flask, at the same time that all germinal matter is excluded. 
It is not necessary to discuss whether this is so or not. 

To obviate the second objection he alters the composition of the 
liquid used; he substitutes for cheese, peptone, and for turnip 
infusion, a solution containing, in a liter of distilled water— 


Grape sugar, - - - - - 25 grams. 
Potassium nitrate, - - - - 2 - 
Magnesium sulphate, - - - 2 


The phosphate is prepared by precipitating a solution of calcium 
chloride with ordinary sodium phosphate, taking care that the 
chloride be in excess. The precipitate of neutral phosphate so 
obtained is washed and then added to the saline solution in the 
proportion given. On boiling, it is converted into soluble acid 
phosphate, and insoluble basic salt, of which the latter is removed 
by infiltration. Consequently the proportion of phosphate in solu- 
tion is less than that above indicated. 

To the filtrate, peptone is added in the proportion of 0°4 per cent. 
Am. Jour. Sc1.—THIRD = Vou. VI, No. 35.—Nov., 1873. 
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The peptone is obtained by digesting egg-albumen at the tem- 
perature of the body in artificial gastric juice made by adding the 
proper quantity of glycerin extract of pepsin to water acidulated 
with hydrochloric acid. The liquid so obtained is first rendered 
alkaline by the addition of liquor sodx, then slightly acidulated 
with acetic acid and boiled. The syntonin thus precipitated is 
separated by infiltration from the clear liquid, which is then evap- 
orated to a syrup and poured in a thin stream into strong alcohol, 
with constant agitation. The precipitated peptone is separated 
after some hours and washed with alcohol, and redissolved in a 
small quantity of water. The solution is again precipitated by 
pouring it into alcohol in the same way as before, and the precipi- 
tate washed and dried. 

Flasks having been half filled with the liquid thus prepared (in 
1,000, 2 each of niter and Epsom salts, a trace of phosphate of lime, 
25 parts of grape sugar, and 4 parts of peptone), each is boiled for 
ten minutes, closed while boiling, with the earthenware plate as 
above described, and placed as soon as it is cool in the warm 
chamber at 30°C. The experiment so made “gave, without any 
exception, a positive result in every case. After two or three days 
the fluid was crowded with actively moving Bacterium termo.” 

The readers of Nature are aware that in June last I published a 
repetition of Dr. Bastian’s experiments, with a variation not of the 
liquid, but of the mode of heating, (see Nature, vol. viii, p. 141.) 

Instead of boiling the flasks for ten minutes—over the open flame 
and closing them in ebullition, I boiled them, closed them hermeti- 
cally, and then placed them in a digester in which they were sub- 
jected to ebullition under a pressure of two inches or more of 
mercury. The result was negative. There was no development 
of Bacteria. 

Since the publication of my experiments, Huizinga’s have 
appeared. His result, regarded as a proof of spontaneous genera- 
tion, is clearly not superior to Bastian’s. The substitution ofa 
soluble immediate principle for an insoluble mixed product like 
cheese, and the use of a definite solution of sugar and salts, are 
not material improvements. The question is not whether the ger- 
minal matter of Bacteria is present, but whether it is destroyed by 
the process of heating. Consequently what is necessary is not to 
alter the liquid, but to make the conditions of the experiment as 
regards temperature as exact as possible. In this respect Hui- 
zinga’s experiment is a confirmation of Bastian’s and nothing more. 

I have recently repeated it with the same modifications as regards 
temperature as those employed in my repetition of the turnip- 
cheese experiments. The result has been the same. In all other 
respects I have followed the method described by him in his paper. 

I have prepared the solution of salts, grape sugar and peptone 
in exact accordance with his directions. To obviate his objection 
as to the absence of air, I have introduced the liquid, not into 
flasks, but into strong glass tubes closed hermetically at each end 
and only half filled with liquid, the remainder of the tube contain- 


| 
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ing air at the ordinary tension. Each of these tubes, after having 
been subjected to the temperature of ebullition under two inches 
of mercury for half an hour, has been kept since September 10 at 
the temperature of fermentation (32°C.) Up to the present time, 
no change whatever has taken place in the liquid. 

As a control experiment, I opened one of the tubes immediately 
after boiling, and introduced a drop of distilled water. It became 
opalescent in twenty-four hours. 

In conclusion, let me observe that I still maintain my resolution 
to take no side whatever in this controversy. I do not hold that’ 
spontaneous generation is impossible. I do not regard heterogen- 
ists as scientific heretics. All I say is, that up to the present 
moment I am not aware of any proof that they are right.— Rep. 
Brit. Assoc., 1873, Nature, Oct. 2. 

7. Cumacea of the Josephine Expedition ; by G. O. Sars. 57 
pp. 4to, with 20 plates. From the Sverska Veni s-Akade- 
miens Handlingar, Bandet ix. Stockholm, 187].—This valuable me- 
moir contains minute and detailed descriptions of ten species of 
Cumacea collected in the Atlantic ocean by the Josephine Expedi- 
tion, and is a very important contribution to our knowledge of this 
group of crustaceans. It is specially interesting to the American 
student, as six of the species are from our own coast, having been 
dredged near Long Island and off the coast of New Jersey. All 
the species are very fully and most beautifully figured from draw- 
ings by the author; and nine of the plates are devoted to a single 
species, Diastylis sculpta, which is found upon the whole New 
England coast. 8. I. S. 

8. Cumacea from the Arctic Ocean and the West Indies.—Dr. 
Sars has also, in two short papers in the Oefversight af Kongl. 
Vetenskaps-Akademiens Forhandlingar for 1871, enumerated the 
species of Cumacea from the deep water collections of the Swedish 
Arctic Expeditions in 1861 and 1868, and has described a new 
genus and several new species from the West Indies. Among the 
arctic forms are two new species of Diastylis from 950 and 2,600 
fathoms, a species of ZLeuwcon from 1,400, and one of Campylaspis 
from 1,050 fathoms, 8. 1. 8. 

9. Monographi over de ved Norges Kyster Forekommende 
Mysider ; by G. O. Sars. Parts I and II, pp. 98, 4to, with 8 plates. 
Christiania, 1870 and 1872.—This monograph of the Mysidw, of 
which only the first two parts have appeared, constitutes No. | of 
Dr. Sars’ “ Carcinologiske Bidrag til Norges Fauna.” These two 
parts contain a general account of the family, with a conspectus 
of the twelve genera found upon the coast of Norway, and very 
complete descriptions and figures of twelve species belonging to 
five of the genera. The generic descriptions are also very full. 
The plates are crowded with finely executed figures of the entire 
animals of both sexes, and many highly magnified figures of the 
details. Dr. Sars has added more than any one else to our knowl- 
edge of this family; and nearly all the species were first made 
known by him, but are now first brought together and figured. 
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Among the most remarkable forms made known are the deep wa- 
ter genera Amblyops and Pseudomma, in which the ocular pedun- 
cles are rudimentary, lamelliform, and wholly without faceted eyes, 
One of the species of the latter genus, P. rosewm, occurs also upon 
the American coast, having been dredged in the Gulf of St. Law- 
rence by Mr. Whiteaves. 8S. LS. 

10. The Composition of Lichenes (Recherches sur les Gonidies 
des Lichens); by E. Borner. An article in the Ann. Sci. Nat., 
April, 1873; with ten plates.—It must be left for the adepts to de- 
cide whether the results of Dr. Bornet’s investigation are to be 
received as settling the question concerned; but the presentation 
is admirably clear and appears to be wholly convincing. The re- 
sult is that Lichens of all sorts are composite; the green cells 
(gonidia) are Alga, of species which are of common independent 
occurrence; the filamentous tissues (hypha), which bear the fructi- 
fication, belong to Fungi. The latter are parasitic upon and live 
at the expense of the former. By germinating the Lichen-spores 
on slips of glass or fragments of pottery, the hypha can be devel- 
oped as a byssoid network; and the same is produced from bits of 
Lichen similarly treated. The gonidia increase by cell-division, 
and sometimes resolve into zoospores. 

The resemblance of the gonidia of certain Lichens to Protococ- 
cus viridis has long been familiar; also the affinity of Collema 
with Nostoc. This has been thought to be mere resemblance, or 
else that such Al/gw were rudimentary or imperfect and sterile 
states of Lichens. But after Schwendener had shown (in 1867) 
that such parallelisms were numerous, Famintzin and Baranetzky, 
extracting the green cells from various Lichens, saw them develop 
autonomously and produce zoospores, and especially when it 
was found that the gonidia in many cases represented Alje of 
as high grade as Confervacee, this view could no longer be enter- 
tained. It was DeBary who, in 1866, first suggested that the ge- 
latinous Lichens are Algw with Fungi parasitic upon them. 
Schwendener developed the hypothesis, ceghed it generally, and 
indicated as many as eight types of Alga in Lichens, He demon- 
strated the incorrectness of the observations from which it had 
been inferred that gonidia were produced upon the tip of filaments 
of the bypha, and showed that the latter attached themselves, as 
they grew, to the green cells, often forming a network over their 
surface. We have not seen Schwendener’s papers. According to 
Bornet, he has no figures which clearly show, in their natural state, 
the mode of connexion of the hypha with the gonidia, and the only 
one which was satisfactory is that by Woronine, in 1871, which 
is reproduced in Ann. Sci. Nat., 5th ser., p. 317, tab. 14, fig. 1. Dr 
Bornet has abundantly supplied this deficiency in the present me- 
moir. Nothing can be clearer than the whole matter as exhibited 
in his numerous and admirable figures and expounded in the text. 
His investigations have extended to 60 genera, representing almost 
every kind of Lichen; and his conclusions, which it seems impos- 
sible to resist, are: 1. That the gonidia of every Lichen examined 
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may be identified with some species of Algw, mostly with the 
very commonest species and those most tenacious of life. 2. That 
the relations of these with the hypha are such as to preclude all 
possibility of the one being produced by the other; and that the 
theory of parasitism alone offers a satisfactory explanation of the 
facts. A. G. 
11. Rubus deliciosus Torr.—This attractive species is figured in 
the October number of the Botanical Magazine, t. 6062, but with 
more jagged petals than we ever saw in the plant cultivated for 
several years past in the Botanic Garden of Harvard University ; 
and the shading which the artist has introduced detracts from their 
natural appearance. The object of this note is not so much to 
eall attention to this ornamental shrub, which ought to be gene- 
rally cultivated, and proves to be perfectly hardy in New England, 
as to record a new fact respecting its geographical range, which 
needs confirmation. In this recent number of the Botanical 
Magazine, this species is said to have been introduced into culti- 
vation in England by Mr. Henry of Hay Lodge, Edinburgh, “ who 
received the seeds from N.W. America, in lat. 44°, and flowered 
the plants he raised from them, in May, 1870 ;” and the fruit was 
produced in July last. Now this parallel of latitude crosses the 
northern part of Wyoming and the center of Idaho Territories, 
three or four degrees higher than that part of the _— Moun- 
tains, in Colorado Territory, in which this species has been col- 
lected by American botanists, and where it abounds, not, however, 
“on alpine ridges,” but at lower elevation. We shall be interested 
to know if Dr. Parry, who has just returned from a botanical 
tour in Wyoming and Montana, has there met with this species 
so familiar to him in Colorado. It was he who rediscovered it on 
Dr. James’s ground, in 1861, and whose name was, no doubt, in- 
tended to have been cited in the Botanical Magazine instead of 
“ James,” who was at the Rocky Mountains only in 1822. From 
seeds gathered by Dr. Parry, and sent to Kew, to Mr. Thompson 
of Ipswich, etc., the plant was first raised in England (where we 
believe it was flowered several years ago) as well as in New Eng- 
land. The species was, however, rediscovered as early as the 
year 1851, in New Mexico, by Charles Wright; but it was de- 
scribed as a new species (R. Neo-Mexicanus Gray); the failure of 
identification having resulted from some misunderstanding, fifty 
years ago, between Dr. James and Dr. Torrey, through which the 
petals of R. deliciosus were said to be “ purple.” The correction 
was made in the account of Parry’s collections, in this Journal, 
1862. The fruit, by the way, is mawkish, and far from “ delicious.” 
The natural explanation of its having been termed so by Dr. James 
is that, in his hurried rush for the mountains, in the too restricted 
time allowed him by Major Long, he was so nearly starved that 
any edible fruit must have been to him delicious. A. G. 
12. Spiranthes Romanzoviana.—This North American species 
was known in Europe only at a single station, on the southwestern 
shore of Ireland. Mr. T. Allin, in Trimen’s Journal of Botany for 
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October, 1873, announces his discovery of a second station, in the 
county of Cork. He speculates whether and how the plant has 
traveled from the one station to the other,—not comprehending 
that most probably these are merely the last, or among the iast 
lingering stations of a species once common to both continents, 
but which has almost died out of the Old World. A. G, 

13. Hybridation in Mosses affecting the Sporangium, etc. of' the 
Semale parent.—Among the Cryptogamia, hybrids are known in 
Ferns. It appears from a paper by Professor Philibert of Aix, in 
Ann. Sci.’ Nat., June, 1873, that he hag detected hybrid Mosses, 
especially of Grimmia tergestinu fecundated by G. orbicularis, 
The more interesting point is, however, his discovery of the imme- 
diate action of the antherozoids upon the archegone of the female 
— so that the resulting sporangium, seta, etc., take after the 
ertilizing parent, while the foliage, calyptra, etc., remain unaf- 
fected. This is analogous to the action of foreign pollen upon the 
seed-coat of beans, or the pericarp of Cucurbitacez, and the like ; 
and, if really established, 1s very interesting. A. G. 

14. Normal Formation of fatty substances in Chlorophyll; by 
G. Briosi, (Bot. Zeit., xxxv, 547.)—The following is a summary 
of the results; 

(1.) In the chlorophyll of Strelitzia and Musa no starch gran- 
ules are formed. 

(2.) In the chlorophyll of these plants there exists an oily sub- 
stance. 

(3.) This oil occurs, in minute subdivision, between protoplas- 
ma-molecules of the chlorophyll. 

(4.) The oil usually appears in the chlorophyll granules in the 
form of drops, only after the addition of water, or of iodine in a 
solution of potassium iodide, G. L. G. 

15. Physioloyical Researches in regard to Germination; by Pu. 
Van TreGuem, (Ann, Sci. Nat., 1873, p. 204.)—The author reports 
the results of his investigations respecting both the degree of mu- 
tual dependence of the different organs of the embryo, and that 
of the entire embryo upon its albumen. By mutilation of the em- 
bryo of the common Sunflower (Helianthus annuus), he was able 
to study the independent development and regeneration of the or- 
gans. The character of the investigations will be readily under- 
stood from a full account of the first experiment. 

The following measurements are given as the average length of 
the different parts of the embryo of Hélianthus annuus: Radicle 
proper, 4 millimeter; caulicle, 1 millimeter; cotyledons, 54 milli- 
meters. By transverse section the radicle was separated from the 
caulicle, and the latter from the two cotyledous, in the case of ten 
embryos. These fragments were placed on moist “ wadding,” 
kept at a temperature of 22°-25° Cent. With these, under the 
same bell-glass, he put two uninjured embryos to serve as a stand: 
ard. After twenty-four hours the amputated radicle had devel- 
oped a root of 8-11 mm. These roots were covered with long, white 
hairs at the older part, and were very slender, They had no root- 
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lets. They grew a little on the second day, then remained sta- 
tionary and became mouldy. Their structure was the same in 
every particular as that of the root in the standard seeds, The 
root acquired, in its solitary development, all the anatomical char- 
acters which belong to it, when attached to the rest of the embryo. 

Separated from the radicle and the cotyledons, the caulicle in- 
creased in length by interstitial growth until after three days it 

was 15-20 mm. long, after which it became stationary. These cau- 
licles possessed the same structure as the normal ones, but, on the 
fifth day, there were seen on the lower cut surface of most of 
them, three or four small adventitious roots, which continued to 
grow until they were from 20-30 mm. long. . . . . The 
isolated cotyledons grew green steadily, just as well as those of 
the standard seeds, and after eight days were intensely green. 
They also increased in size, becoming appreciably larger than the 

normal ones, so that on the seventeenth day of germination, while 
the cotyledons of the uninjured embryos were 10-12 long and 6-7 
broad, the isolated cotyledons measured 19-20 mm. in length and 
9-10 mm. in breadth, or as 8 to 20. Upon the isolated cotyledons 
adventive roots and buds appeared, and there is good reason to 
believe that by great care two plants can thus be obtained from 
one embryo. 

The three fundamental organs of the embryo have in them- 
selves the force of their own development, and can germinate in- 
dependently, developing with a vigor and duration proportionate 
to the store of assimilable food which each possesses at the 
moment of separation. Moreover, each one can, in the same a 
portion, replace the two others and thus constitute a complete 
plant. The other experiments will now be referred to briefly. 

(2.) Five embryos had the radicle removed. After eight days 
the plantlets were firmly rooted by adventitious roots, “and the 
plumule had begun its development. This experiment was vari- 
ously modified with nearly the same results. 

(3.) Fragments made by horizontal and vertical section of the 
different organs were placed under conditions favorable to speedy 
germination, and it was seen that each fragment germinated inde- 
pendently of the others. One embryo of the sunflower gave thus 
eight plants. 

(4.) The entire embryo was divided in lateral halves by vertical 
section. Each half grew, but with less than natural vigor. 

The next series of experiments deals with embryos deprived of 
albumen. Four-o’clock and Indian corn gave the most satisfactory 
results. The three organs of Mirabilis (Four-o’clock) developed 
when isolated just like those of the sunflower, and the experimen- 
ter does not doubt that each will, under favorable conditions of nu- 
trition, replace the others. The embryo of Four-o’clock developed 
’ into a green plant without the help of the albumen. The albumen 
affects merely the rapidity of germination and the evolution of 
the plumule. The nutritive tissue, so-called, can be replaced up to 
a certain point, by a paste formed of the crushed substance or 
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made up from foreign albumen of analogous chemical composition, 
or even from starch to which nitrates and phosphates have been 
added. G. L. 


III. Astronomy. 


1. Note on the Meteors of November 14th; by Dantet Kirx- 
woop. (Communicated for this Journal.)—As the display of 
shooting-stars on November 14th occurs in but five or six consec- 
utive years, the nebulous cloud from which the meteors are 
derived cannot extend around more than one-fifth of its orbit. 
But meteoric phenomena have been occasionally witnessed about 
the 13th of November, when the principal group was near its 
aphelion. The following dates, for instance, are given by Hum- 
boldt: 

1787, November 9th-10th. | 1846, November 12th-13th. 

1818, November 12th-13th. | 1847, November 12th-18th. 

1822, November 12th. 1849, November 12th-13th. 

1823, November 12th-13th. | 
Can these displays, remote from the regular epochs, be satisfactorily 
accounted for ? 

The meteors of 1818, 1822 and 1823 may be regarded as all 
derived from a single extended swarm. Those of 1787 were prob- 
ably due to a former return of the same cluster, as the intervening 

eriod was about 33 or 34 years.* The short interval of 12 years 
(1787 to 1799) cannot be explained on the hypothesis of a single 
group. We infer accordingly that the Leonids entered the solar 
system as two separate masses, to which the disturbing influence 
of Uranus gave slightly different periods. 

The meteors of 1846, 1847 and 1849, observed after the perio- 
dicity of the shower had been recognized, were noticed in conse- 
quence of a watch instituted for the purpose. Their numbers 
were not great, nor did they conform with any exactness to the 
radiant in Leo. In regard to these straggling members of the 
group, it is sufficient to remark that, whenever the earth passes 
through the meteoric current, its disturbing influence changes the 
orbits of such meteoroids as happen to be moving in its immediate 
vicinity. These disturbed portions of the ring, at their subsequent 
returns, must pass through the point of greatest perturbation. As 
the periods will vary within very wide limits, we have an obvious 
explanation of the phenomena in question. 

2. Recently discovered Comets.—While, in the year 1872, only 
one comet was discovered, namely, the fragment of Biela’s comet 
seen by Mr. Pogson, at Madras, just after the star shower of Nov. 
27th, during the present year there have already appeared six of 
these bodies. 

1873, a.—Mr, Stephan, at Marseilles, on the 3d of April, found 
the comet 1867, b. (II), originally discovered by Tempel, a comet 


* Another shower from this meteor-cloud may be expected between 1885 and 
1889. 


Astronomy. 393 


of short period. It had been close to the planet Jupiter, prob- 
ably within a distance of 0°33, and its time of perihelion passage 
had been altered thereby nearly two months. 
1873, b.—On the 3d of July, Mr. Tempel, at Milan, discovered 
a comet of which Dr. Schulhof gives the following elliptic ele- 
ments. 
=1873, June 2538179 m. Berlin time. 

m=306° 4' 52'°6 

§==120° 54’ mean Eq. 1873°0 

$= 12° 44' 27'"8 

p= 33°21’ 

log a=0°474867 
p—=688"""1867. 


This body is therefore a new comet of very short period. 

1873, c—Another comet was discovered by Mr. Borelly, at 
Marseilles, on the 20th of August. From the observations of the 
first week, Dr. Peters gives the parabolic elements: 


T=1873, Sept., 10°7022 m. B. t. 
m= 64° 21’ 42” 
Q—=280° 55’ 45” 
4= 95° 83’ 58” 
log g=9°90163 

1873, d.—Again another comet was discovered by Mr. Paul 
Henry at Paris, on the 23d of August, in the northern sky. It 
passed rapidly southward, increasing in brilliancy. 

1873, e. (1846 IIL.)—On the morning of Sept. ist, Mr. Stephan, 
of Marseilles, obtained a view of Brorsen’s comet. It was exces- 
sively feeble. 

1873, f.—(Faye’s comet.) Mr. Stephan obtained an observation 
of this comet on the 3d of September. It was still exceedingly 
small and faint, and was only about 9” from its computed place. 

It is especially gratifying to be able to add to the number of 
observed telescopic comets. The disintegration of Biela’s comet, 
and the appearance of one portion as a star shower last November, 
press anew many questions respecting the nature of comets. 
‘To answer these we need more facts, and especially facts respect- 
ing the fainter comets. Persons who have the use of a comet 
seeker may do good service to astronomy by searching for them. 
The Vienna Academy has very justly appreciated this service to 
science, and continues to offer its gold medal to discoverers. May 
we not hope that some of these prizes will be secured by American 
observers ? 

The arrangements of the Smithsonian Institution for telegraph- 
ing the discovery of comets should serve as an additional in- 
citement. 

2. Spectroscopic observations of Borelly’s and Henry’s Comets. 
—Dr. Vogel of Bothkamp has obtained several good observations 
of the spectra of two of the recent comets. From his report 
(Astron. Nach., 1958) we mention a few particulars. The spec- 
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trum of comet 1873, c, consisted of three bands in the yellow, 
green, and blue. The relative intensity of the bands in order from 
the red was indicated by the numbers 3, 7, and 2. Each of the 
bands shaded off very markedly toward the violet, the greatest 
intensity being toward the red. Only one observation was ob- 
tained, and then the comet was near the horizon. 

Of the comet 1873, d, Dr. Vogel obtained several observations, 
The spectrum consisted of the three ordinary bright lines, which 
were, however, sharper than usual toward the red. Their rela- 
tive brightness was represented by the numbers 1, 3, and 1, or 5, 
12, and 4. The lines were sharply limited on the side of the red, 
and these limits were at the following wave lengths, 561°5; 516.7; 
472°6 millionth millimeters. The bands ended at 541, 500, and 
464 mill. mm., and bear a close resemblance to the carbon spectra, 
with which Dr. Vogel gives a detailed comparison. 


IV. MIScELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Deep Sea Exploration. (Report Brit. Assoc. in Athenzeum for 
Sept. 27.)—The largest audience of the week was gathered to- 
gether on Tuesday morning (the final sitting), to hear Comman- 
der J, E. Davis discourse “On the recent Achievements of the 
Challenger Deep-Sea Expediti.” This paper was followed b 


one “On the Physical Geography of the Caspian Sea,” by Dr. W. 


B. Carpenter, who also entered largely into the subject of oceanic 
geography in the discussion which followed Capt. Davis’s com- 
munication. These two papers were the only subjects of the day 
which our space will permit us to discuss. Capt. Davis confined 
himself to the proceedings of the Challenger Expedition north of 
the Equator, which formed a natural section of the voyage. The 
operations with which he chiefly dealt were the deep-sea soundings 
viewed in their relations to physical geography rather than io zo- 
ology, which, as is well known, occupies a large portion of the at- 
tention of the scientific staff of the Expedition. He described 
and exhibited to the meeting the various mechanical contrivances 
adopted to sound the greatest depths with accuracy, ascertain the 
temperatures, and bring up mineral and zoological specimens from 
the bottom. In the course of the voyage outward from the Thames 
to Gibraltar, and thence to Madeira and the Canaries, the first in- 
teresting set of soundings were taken off the entrance to the Straits 
of Gibraltar. The soundings over a large area in this section are 
as follows: just beyond the meridian of Cape St. Vincent, due 
west of the Straits, 2,500, 2,125, and 2,250 fathoms; and, again, 
between Madeira and the Canaries 2,350, 2,400, 2,200, and 1,975 
fathoms; but westward and northward, outside this area, the 
depths diminish to 1,525, 1,400, 1,550, and 1,650 fathoms. These 
results seem to indicate the existence of another deep basin out- 
side the Mediterranean, circumscribed by a ridge similar to the 
two deep basins within that sea. Great depths were found close 
up to the islands of the Madeira and Canaries group, but a much 
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more abrupt elevation from the sea-bed was presented in Bermuda, 
The deepest sounding yet made in the ocean was at a point eighty 
miles distant from these islands, where a depth of 3,875 fathoms 
was found, Five miles of rope was run out with the sounding ap- 
paratus, taking one hour and twelve minutes in its course. The 
other soundings taken around Bermuda prove it to be a peak, 
formed by coral animals, rising abruptly from the abysmal depth 
of 1,500 to 1,820 fathoms—comparable, as Dr. Carpenter observed, 
to the Matterhorn. Between the West Indies (St. Thomas) and 
the Canaries, nearly in the middle of the Atlantic, shallower depths 
were found, showing that a submarine ridge here exists. The 
depths over the ridge are 1,900 and 1,950 fathoms, whilst on either 
side of it a broad basin extends, deepening to 2,650 fathoms in the 
western basin, and 3,150 fathoms in the eastern. In crossing from 
Bermuda to the latitude of New York, especial attention was di- 
rected to the Gulf-Stream, both as to the depth and temperature 
of the current. A sounding of 2,425 fathoms was obtained just 
within the southern edge of the famous stream. From serial tem- 
peratures taken at various depths in the stream, it was found that 
in this part of its course the warm water does not extend beyond 
100 fathoms in depth. It was found to be 57 miles broad, rapid 
only along the western edge, where there was a belt of water 15 
miles wide, running 34 to 4 miles an hour, and 3° Fahr. higher in 
temperature than the other parts of the stream, 

in the discussion which followed, Dr. Carpenter expounded to 
the Section his theory of oceanic circulation, i.e, the slow move- 
ment of the cold Polar waters along the depths of the ocean to- 
ward the Equator, and the compensating movemeut of the warm 
equatorial water toward the poles; and showed how all the deep- 
sea observations recently made corroborated his views. He ven- 
tured to predict that when the deep-sea temperature of the North 
Pacific was examined, it would be Found to he much less than that 
of the Atlantic, as a natural consequence of the narrowness and 
shallowness of the only opening, Behring Straits, by which Polar 
water could move toward the great Pacific basin, is paper “On 
the Physical Geography of the Caspian” had equally a bearing on 
the truth of his circulation theory; for, according to the theory, 
inland seas, excluded either by land ora shallow entrance from the 
influx of the cold deep water of the ocean, must increase in salt- 
ness, and the waters sinking in consequence of this greater specific 
gravity must give rise to an in-flowing surface current from the 
ocean, the deep waters of the inland sea remaining of high temper- 
ature. This had been his explanation with regard to the Medit- 
erranean, and, owing to the explanation being objected to, on 
account of the excessive evaporation it demanded, he now brought 
forward the Caspian as corroborative. He showed, from the ob- 
servations of Von Baer, how enormous is the evaporation from the 
surface of the Caspian. The Gulf of Karabogas, at the northeast- 
ern end, is the receptacle for a great portion of the waters, which 
pour over the shallow bar like a river at certain seasons, and an- 
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nually evaporate, leaving the water so saturated with salt that the 
mineral deposits itself in crystals on any object immersed in it. 
Formerly, Von Baer has shown, the Caspian was connected with 
the ocean by way of the White Sea, and marks of erosion are now 
visible on rocks at an altitude of 80 feet above the present water- 
level. These 80 feet corresponded exactly with the present level 
of the ocean, and it is a remarkable fact that no marks of erosion 
were found between that line and the present level of the waters, 
This shows that the sinking of the waters by evaporation is a pro- 
cess too rapid to leave any records, and took place soon after the 
severance of its connexion with the White Sea. 

2. On the Electrical Phenomena which accompany the Contrac- 
tions of the leaf of Dionwa muscipula ; by Dr. Burpon-Sanper- 
son.—It is well known that in those structures in the higher ani- 
mals which are endowed with the property of contracting when 
stimulated, viz: nerve and muscle—this property is associated 
with the existence of voltaic currents which have definite direc- 
tions in the tissue. These currents have been the subject of very 
careful observation by physiologists. They require delicate instru- 
ments for their investigation, but the phenomena dependent on 
them admit of the application of the most exact measurements. 
The constant current which can be shown to exist in a muscle is 
called the normal current. The most important fact with refer- 
ence to it is that it exists only so long as the muscle is alive, and 
that it ceases during the moment that the muscle is thrown into 
action. Other characteristics of the muscle currents were referred 
to, which we have not space to mention. 

In certain plants said to possess the property of irritability, con- 
traction of certain organs on irritation occur which strikingly sug- 
gest a correspondence of function between them and the motor 
organs of animals, Among the most remarkable are those of 
Drosera and some other plants belonging to the same natural or- 
der, particularly the well-known Venus’ Flytrap (Dionwa musei- 
pula). The Sensitive Plant, the Common Monkey Flower, the 
Rock Cistus, afford other examples. 

Strange as it may seem the question whether these contractile 
movements are accompanied with the same electrical changes as 
those which occur in the contraction of muscle and in the func- 
tional excitation of nerve has never yet been investigated by 
vegetable physiologists. Mr. Darwin, who for many years has 
devoted much attention to the animal-like function of Dionza and 
Drosera, kindly furnished plants for the purpose of the necessary 
experiments, which have been made by Dr. Sanderson in the labora- 
tory of University College, London. The result has been that the 
anticipations he had formed have been confirmed as to the exist- 
ence of voltaic currents in these parts, and particularly in the leat 
of Dionea. By a most remarkable series of experiments (which 
will be published subsequently) made with the aid of Sir W. 
Thompson’s galvanometer, he has shown that these currents are 
subject, in all respects in which they have been as yet investigated, 
to the same laws as those of muscle and nerve.— Brit. Assoc., 1873, 
Nature, Oct. 2. 


Miscellaneous Intelligence. 397 


8. Ascent of Mount Whitney by Messrs. Rabe, Crapo, Hunter 
and others ; by W. A. Goopyrar.—After my ascent with M. W. 
Belshaw, on the 27th of July last, of the peak which for several 

ears has been erroneously supposed to be Mount Whitney, 
be resolved to send a party at his own expense to attempt the 
ascent, and obtain if possible a measurement of the altitude of 
Mount Whitney itself. He therefore engaged Charles Rabe, an 
attaché of the State Geological Survey, who taking with him a 
couple of Green’s cistern barometers, and a supply of thermome- 
ters, etc., went to Lone Pine in Owen’s Valley. Leaving one of 
the barometers at Lone Pine for observations there, he started for 
the peak in company with W. L. Hunter, William Crapo and Mr. 
McDonald, all of Cerro Gordo, This party reached the summit 
of Mount Whitney on the 6th day of September, 1873, and ob- 
tained there a series of ten barometric observations extending 
from 9.20 a. M. to 2 p. M., of that day. 

The altitude of Mount Whitney above Lone Pine, as computed 
by me from a comparison of these observations with the nearly 
simultaneous series taken on the same day at Lone Pine itself, is 
10,981°5 feet. Add to this the altitude of Lone Pine above the 
sea, which, according to the best determinations yet made, is 3,917 
feet, and we have for the total height of Mount Whitney above 
the sea, 14,898°5 feet, or say in round numbers 14,900 feet.—San 
Francisco Evening Bulletin, Sept. 27. 

4, Annual Report of the Board of Regents of the Smith- 
soniaun Institution, for the year 1871. 474 pp. 8vo. Washing- 
ton, 1873.—After the Report on the operations, expenditures and 
conditions of the Smithsonian Institution by the Secretary, Prof. 
Henry, there follows a list of the meteorological stations and ob- 
servers of the institution for the year, and a catalogue of meteoro- 
logical articles and works received during the year and deposited 
in the library of Congress. The next volume commences the Gen- 
eral Appendix, whose contents are, Memoir of Sir John Frederick 
William Herschel, by U. S. Dodge ; Memoir of Joseph Fourier, by 
M. Arago; On Prof. Thomas Graham’s Scientific Work, by Wm. 
Odling ; On the Relation of the Physical Sciences to Science in 
General, by Dr. Helmholtz; Alternate Generation and Partheno- 
genesis in the Animal Kingdom, by Dr. G. A. Kornhuber ; Present 
state of our knowledge of Cryptogamous plants, by H. W. Reich- 
ardt; Recent researches on the secular variations of the Plane- 
tary Orbits, by J. N. Stockwell; Some methods of interpolation 
applicable to the graduation of irregular series, such as tables of 
mortality, etc., by E. L. De Forest; Report on the Transactions 
of the Society of Physies and Natural History of Geneva, 1870-71, 
by H. de Saussure; Instructions to Captain Hall, with reference 
to the Expedition to the North Pole; Ethnology; Meteorology. 

5. Late Meeting of the American Association.—An excellent 
report of the proceedings, with abstracts of the papers and a pub- 
lication of some papers entire, including the Address of the Presi- 
dent, has been issued, in a special extra of the New York Tribune. 
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6. Critiques and Addresses ; by Taos. Henry Huxtey. 318 
pp. 12mo. 1873, New York. (D. Appleton & Co.)—Huxley’s subjects 
are Administrative nihilism; school-boards; medical education; 
yeast; formation of coal; coral and coral reefs; methods and re- 
sults of ethnology ; some fixed points in British ethnology; Pal- 
eontology and the doctrine of evolution; Mr. Darwin’s critics; 
genealogy of animals; Bishop Berkeley on the metaphysics of 
sensation. 

7. Voleanic Energy: an attempt to develop its true Origin and 
Cosmical Relations ; by Ropert Matxet, F.R.S. From the Trans- 
actions of the Royal Academy, before which the memoir was read 
June 20, 1872.—This most important contribution to geological 
science, read before the Royal Society June 20, 1872, has recently 
been issued. A notice of it is deferred to another number. The 
views have been briefly mentioned in the last volume of this 
Journal. 

8. The Unity of Natural Phenomena ; a popular Introduction 
to the study of the Forces of Nature: from the French of M. 
Saigey, with an Introduction and Notes by Tu. F. Mosxs, A.M., 
M.D., Prof. Nat. Sci. Urbana University. 254 pp.12mo. Boston, 
1873. (Estes & Lauriat). 

9. Comets and Meteors: their phenomena in all ages; their 
mutual relations ; and the theory of their origin; by VanteL 
Kirxwoop, LL.D., Prof. Math. Indiana Univ. 93 pp. 12mo, with 
excellent illustrations. Philadelphia, 1833. (Lippincott & Co.)— 
A notice is deferred to another number. 

OBITUARY, 

Lewts Wuire died at West Chester, Penn., on the 
19th of September, 1873, aged 69. Mr. Williams was extensively 
known as one of the best collectors of minerals in the country, and 
but few cabinets of any note are without specimens of minerals 
from Chester and Delaware Counties, Penn., furnished by him. 
He paid particular attention to the minerals associated with the 
chrome iron at Texas, and to those found in the northern part of 
Chester Co. 

The work in which he took the most pride, was the discovery 
of the rich deposits of corundum near Unionville, Chester Co. 

He accompanied the Mexican Boundary Survey as mineralogist, 
but unfortunately the greater part of his collection made at that 
time was lost while crossing a river, by the drowning of his mule. 
He made a number of very fine collections of suits of minerals, one 
of which formed the foundation for the well known cabinet of 
Wm. W. Jeffries. The Williamsite of Shepard was named in 
his honor. 

Prof. Donart, the director of the Astronomical Observatory in 
Florence, died of cholera at Vienna, Sept. 20th. 

M. Costr, member of the Institute of France, author of numer- 
ous physiological works, prominent in the science of the artificial 
production of fish, and inspector-general of fluvial and coast fish- 
eries, died recently at Paris, at the age of sixty-six. 

Prof. Czermak, the physiologist, died at Leipsic, Sept. 16th. 
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Star Photographs at Cordoba. (Letter to the Editors from Dr. 
B. A. Gouxp, dated Sept. 6, 1873.) 


YesTERDAY brought me the July number of the American Jour- 
nal of Science, in which I saw with surprise an article which at 
first seemed to require comment from me. On reflection, how- 
ever, I think it better simply to state the facts of the case and 
ask you to publish them. 

You are aware of my efforts to obtain by subscription the 
means for securing an extended series of photographs of southern 
star clusters, and also that these efforts had not the success which I 
desired. But my parents, by blood and marriage, sympathizing 
with my desires, authorized me to draw upon them for a sum ade- 
quate to the necessities of the case. Mr. Rutherfurd, who, before I 
left home, had kindly offered his assistance in engaging a photo- 
graphic operator, and giving him the needful instructions for the 
telescopic work, now engaged one in New York, and caused him 
to be carefully instructed by his own assistant, Mr. Chapman. 
Meanwhile I asked and readily obtained from the Argentine Gov- 
ernment official permission to employ the large telescope for 
making photographs for my private use, at such times as might 
not be inconsistent with the regular work of the Observatory. 

The person engaged was the author of the paper referred to, Dr. 
C. Schultz-Sellack, who had received a scientific education in his 
native country, and gladly availed himself of this opportunity for 
devoting himself to scientific avocations. An engagement was 
made with him, and he came out as soon as he had acquired tle 
requisite training. Fortunately, it was not necessary for me to 
avail myself of the permission to draw upon my friends at home, 
and Dr. Sellack’s expenses, including a salary considerably larger 
than that promised him, have been defrayed from my own earn- 
ings. The apparatus and materials were my personal property, 
and the plan of the work was my own. 

These facts I should not mention but for the communication 
cited, the author of which has undertaken to publish in his own 
time and way, without my permission or even knowledge, results 
which were in no sense whatever his own. 

In October last I determined to provide a new photographic 
object-glass, from the private resources at my disposal, to replace 
the broken one; and forwarded the order to Mr. Fitz, for whose use 
Mr. Rutherfurd had the goodness to calculate the necessary curves. 
At a later date, both President Sarmiento and Dr. Avellaneda, 
the Minister of Public Instruction, sympathizing with my disap- 
pointment, and with the large outlays fruitlessly made, desired to 
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do its utmost to aid in the photographic work, and with this view 
desired to order the new object-glass and to provide for the pay 
of my photographic assistant. The place of Professor of Physics 
in the scientific corps now organizing here was not yet filled; and 
I was informed that if I deemed Dr. Sellack a fit person, he should 
be appointed at once, with orders to go on with the photographic 
work under my direction, absolving him for a season from all 
duties inconsistent therewith. This arrangement was about to 
be put into effect when circumstances which I refrain from re- 
lating, and in which I had no part (nor indeed knowledge at the 
time), led the authorities to desire that some other person than 
Dr. Schultz-Sellack be selected. Dr. Burmeister, who had en- 
gaged the other four professors, had retired from this commis- 
sionership, and I was therefore requested to propose some suitable 
person competent to teach physics after the photographs should 
be completed. Dr. Sellack had, however, worked with much in- 
dustry during the earlier months of his sojourn in Cordoba, and 
for this, as well as other manifest reasons, I urgently pressed and 
finally obtained his appointment, which dated from the beginning 
of the present year, and was accompanied by the instructions 
already mentioned. 

This simple narrative of facts seems to be called for under the 
circumstances, and obviates all necessity of comment upon the 
propriety or contents of the article to which I refer—from which I 
will cite a few paragraphs :— 

“Under an arrangement made with Mr. Rutherfurd in New 
York, at the expense of some gentlemen from Boston, I went to 
Cordoba, to take in the Argentine National Observatory photo- 
graphs of southern star clusters.” 

“As the circumstances have been utterly unfavorable, 
the results of the enterprise could not fulfill the legitimate expec- 
tations of the liberal originators.” 

“T selected and photographed some twenty star clusters.” 

“The elaboration of the results which the plates are capable of 
giving has been reserved to Dr. Gould.” 

“The Argentine Government is going to provide a new photo- 
graphic lens for the National Observatory, and has asked me to 
continue the experiments with the new lens.” 

I likewise waive all comment upon those statements of the same 
paper which possess a scientific bearing. Mr. Rutherfurd has 
always freely communicated such of his methods and inferences as 
he has not published. As for myself, never having yet made what 
is called a scientific reclamation, I am indisposed to begin on this 
occasion ;—and it is certainly not incumbent upon me to correct 
such of the statements as are erroneous. 
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